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Once for prophylaxis. 
Once daily for cure. 


The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery,” provides 
effective prophylaxis against infection and is on board throughout 
the perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 gm given once a day, is the therapeutic dosage 
for the following common postsurgical infections: respiratory 
ract or skin/skin structure infections due to Staphylococcus aureus, 
</ebsiella pneumoniae and Proteus mirabilis; urinary tract infections 
due to Escherichia coli, K. oneumoniae and P mirabilis. 


-tficacy, economy and ease. ROCEPHIN: 1 gm once for prophylaxis, 
once daily for cure. 





Once-a-day 


Rocephin.., 


ceftriaxone sodium/Roche 





As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 


© 1989 by Hoffmann-La Roche Inc. * In contaminated or potentially regen nated Please see adjacent page for surnmary of product informatio 
All rights reserved. procedures (eg., vaginal or abdominal 
hysterectomy), and for patients in wher 
infection at the operative site would present 
serious risk (e.g., Coronary artery bypass 
graft [CABG] surgery). 





ROCEPHIN® (ceftriaxone sodium/Roche) 


Before prescribing, please consult complete product information, a summary of wie 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms. 


LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
_ tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo: 
niae), Proteus mirabilis and Pseudomonas aeruginosa, 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
_abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae)... 


_ UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria B- gonar: 
_ rhoeae, including both penicillinase and nonpenicillinase producing strains. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. — 


- BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli. H. Tnluggzae and 
K. pneumoniae. 


BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci), E. coli, P mirabilis, K. pneumoniae and Enterobactes species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis anc shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may réduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (e.g., during Gorey artery bypass 
surgery). . 
Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlled trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 


CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 


After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 

cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate to 
‘severe Cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


| Rarely, shadows suggesting sludge have been detected by sonograms of the gallbladder in 

asymptomatic and symptomatic patients. This appears to be reversible on discontinuation of ther- 

„apy. In a few symptomatic patients receiving higher than usual doses, who underwent surgery, 

containing traces of ceftriaxone was recovered from surgical specimens. Discontinue ther- 

py in patients who develop signs or symptoms suggestive of gallbladder disease; consider con- 
tive management. 


. PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that of 
"ther cephalosporins. 


itriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). Satateen: 

ts with renal failure normally require no adjustment in dosage when usual doses of Rocephin 

are administered, but concentrations of drug in the serum should be monitored “spaid If evi- 
e of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in pa- 
ients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not ex- 
2 gm daily without close monitoring of serum concentrations. ‘ 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or low vitamin K stores (e.g., chronic hepatic disease and mal- 
~ nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
een (10 mg weekly) may be necessary if the prothrombin time is prolonged before or during 
py. 

Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
sige? of oe is essential. If superinfection occurs during therapy, appropriate measures 
should be t 


_ Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, Carcinogenicity studies with 
| Ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 


Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to 
wrats at daily doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
of 2 gm/day. 


PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 


There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
ranrodiictive etiidiac ara nat ahwave nradictivea af hiiman raennnea thie drin ohnuld ha near cise 
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Bore. in rats, in the Segment | (fertility and general reproduction) and Segment |i! 
Östnatal) studies with intravenously administered ceftriaxone, no adverse effects were 

noted on various reproductive parameters during gestation and lactation, including postnatal growth, 

functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and childr 
established for the dosages described in the Dosage and Administration ee rape 


have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from serum albu- 
min. Rocephin should not be administered to hyperbilirubinemic neonates, especially prematures. 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology. were 
observed: 

LOCAL REACTIONS—pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phlebitis after |.V. administration 

HYPERSENSITIVITY—rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 

HEMATOLOGIC—eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2 1%). Less frequent- 
ly reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and prolon- 
gation of the prothrombin time. 

GASTROINTESTINAL —diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or 
vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). 


HEPATIC—elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%) 


GENITOURINARY —moniliasis or vaginitis were reported occa- 
sionally (less than 1%) 


MISCELLANEOUS—diaphoresis and flushing were reported oc- 
casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria. 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 
DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a day) 
depending on the type and severity of the infection. The total daily 
dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infections in children, other 
than meningitis, the recommended total daily dose is 50 to 75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days; in complicated infections longer 
therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be 
administered with or without a loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 


No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g.. dialysis pa- 
tients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers, as follows: 


1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added 

2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 

NOTE: Rocephin in the frozen state should not be stored above -20°C 

"Registered trademark of Abbott Laboratories, Inc. 


tManufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc.. by Traveno! Labo- 
ratories, Inc.. Deerfield. Illinois 60015. pi cele 
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Roche Laboratories 


4 a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110-1199 
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“package Ws, it Se 
on first throw, and, when 
tying, curling is virtually 
eliminated. But that’s not all, 
its also worth remembering 
that PDS II suture offers the 
longest in vivo strength 
retention of any monofila- 
ment synthetic absorbable 
suture! 


ETHICON 
a fohmonafohmon company 


Trademark 
Forsizes 1, 0 and 2/0. Data on file, ETHICON. INC. © ETHICON, INC. 198; 
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language barrier 
of health delivery 


systems 


Feel like you'll have to learn a new language 


to really understand health delivery systems? 


You're not alone. But there’s a complete and 
easy-to-use book to enable you to break 
through the jargon...Physicians’ Resource 
Guide to Health Delivery Systems. 


Includes pro's and con’s of HMOs, PPOs, IPAs; 


a list of government, consumer and other 
groups associated with HMOs; a glossary; 
abstracts; trends; historical data. 


To order your copy, phone toll free today: 
MasterCard and Visa accepted. 


1-800-621-8335 


Physicians Resource Guide to 





Second Edition 
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(hydrocodone bifortrate Smg [Warning May be habit forming] 


and acetaminophen 500 mg) n 
(hydrocodone bitartrate 7 Smg [Warning May be habit forming) 
ond acetaminophen 750 mg) 





INDICATIONS AND USAGE: For the relie! of moderate to moderately 
severe pain. 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen oi 
hydrocodone. 
WARNINGS: 
Allergic-Type Reactions: VICODIN/VICODIN ES Tablets contain sodiun 
metabisulfite, a sulfite that may cause allergic-type reactions includinc 
anaphylactic symptoms and life-threatening or less severe asthmath 
odes in certain susceptible people 
Respiratory Depression: At high doses or in sensitive patients 
hydrocodone may produce dose-related respiratory depression. 
Head Injury and Increased Intracranial Pressure: The respirator 
ressant effects of narcotics and their capacity to elevate cerebrosp} 
nal fluid pressure may be markedly exaggerated in the presence of heac 
injury, other intracranial lesions or a preexisting increase in intracrania 
pressure. Furthermore, narcotics produce adverse reactions which maj 
obscure the clinical course of patients with head injuries. 
Acute Abdominal Conditions: The administration of narcotics mat 
obscure the diagnosis or clinical course of patients with acute abdomina 
conditions. 
PRECAUTIONS: 
Special Risk Patients: VICODIN/VICODIN ES Tablets should be use: 
with caution in elderly or debilitated patients and those with seven 
impairment of hepatic or renal function, hypothyroidism, Addison's dis 
ease, prostatic hypertrophy or urethral stricture 
Cough Reflex: Hydrocodone suppresses the cough reflex; as with al 
narcotics, caution should be exercised when VICODIN/VICODIN ES Tab 
lets are used postoperatively and in patients with pulmonary disease. 
Drug Interactions: Patients receiving other narcotic analgesics, re 
chotics, antianxiety agents, or other CNS depressants (including alco 
concomitantly with VICODIN/VICODIN ES Tablets may exhibit an additive 
CNS depression. The use of MAO inhibitors or tricyclic antidepressant: 
with hydrocodone preparations may increase the effect of either thi 
antidepressant or hydrocodone. The concurrent use of anticholinergic 
with hydrocodone may produce paralytic ileus. 
Usage in ee: 
Teratogenic Effects: Pregnancy Category C. Hydrocodone has beer 
shown to be teratogenic in hamsters when given in doses 700 times thi 
human dose. There are no adequate ah well-controlled studies ii 
pregnant women. VICODIN/ VICODIN ES Tablets should be used durin 
regnancy only if the potential benefit justifies the potential risk to thy 
etus. 
Nonteratogenic effects: Babies born to mothers who have been tak 
ing opioids regularly prior to delivery will be physically dependent. Thy 
withdrawal signs include irritability and excessive crying, tremors, hyper 
active reflexes, increased respiratory rate, increased stools, sneezing 
yawning, vomiting, and fever. 
Labor and Delivery: Administration of VICODIN/VICODIN ES Tablets t 
the mother shortly before delivery may result in some degree of respira 
tory depression in the newborn, especially if higher doses are us 
Nursing Mothers: It is not known whether this drug is excreted ir 
human milk. Because many drugs are excreted in human milk anc 
because of the potential for serious adverse reactions in nursing infant: 
from VICODIN/VICODIN ES Tablets, a decision should be made whethe 
to discontinue nursing or to discontinue the drug, taking into account the 
importance of the drug to the mother. 
Pediatric Use: Safety and effectiveness in children have not beer 
established. 
ADVERSE REACTIONS: 
The most tly observed adverse reactions include light-headedness 
dizziness, sedation, nausea and vomiting. These effects seem to be mort 
prominent in ambulatory than in nonambulatory patients and some o 
these adverse reactions may be alleviated if the patient lies down. Othe 
adverse reactions include: 
Central Nervous System: Drowsiness, mental clouding, lethargy, impair 
ment of mental and physical performance, anxiety, fear, dysphoria, psy 
chic dependence and mood changes. 
Gastrointestinal System: The antiemetic phenothiazines are useful iy 
suppressing the nausea and vomiting which may occur (see above) 
however, some phenothiazine derivatives seem to be antianalgesic an 
to increase the amount of narcotic required to produce pain relief, whil 
other phenothiazines reduce the amount of narcotic required to produc 
a given level of analgesia. Prolonged administration of VICODIN/VICODIN 
ES Tablets may produce constipation 
Genitourinary System: Ureteral spasm, spasm of vesical sphincter 
and urinary retention have been reported. 
Respiratory Depression: Hydrocodone bitartrate may produce dose 
related respiratory depression by acting directly on the brain stem respi 
ratory center. Hydrocodone also affects the center that controls respirator 
rhythm, and may produce irregular and periodic tec à If significan 
respiratory depression occurs, it may be antagonized by the use O 
naloxone hydrochloride. Apply other supportive measures when indicated 
DRUG ABUSE AND DEPENDENCE: 
VICODIN/VICODIN ES Tablets are subject to the Federal Controlled Sub 
stance Act (Schedule Ill). Psychic dependence, physical dependence, anc 
tolerance may develop upon repeated administration of narcotics; there 
fore, VICODIN/ VICODIN ES Tablets should be prescribed and adminis 
tered with caution. 
OVERDOSAGE: 
Acetaminophen Signs and Symptoms: |n acute acetaminophen over 
dosage, dose-dependent, potentially fatal hepatic necrosis is the mos 
serious adverse effect. Renal tubular necrosis, hypoglycemic coma, ant 
thrombocytopenia may also occur. Early symptoms following a poten 
tially hepatotoxic overdose may include: nausea, vomiting, Fe 
and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48 to 72 hours post-ingestion 
Hydrocodone Signs and Symptoms: Serious overdose wit! 
hydrocodone is characterized by respiratory depression (a decrease ir 
respiratory rate and/or tidal volume, Cheyne-Stokes respiration, (cyano 
sis), extreme somnolence progressing to stupor or coma, skeletal musek 
flaccidity, cold and clammy skin, and sometimes bradycardia and hypo 
tension. In severe overdosage, apnea, circulatory collapse, cardiac arres 
and death may occur. 


Revis ne 1 Knoll Pharmaceuticals 
ed June 989 A Unit of BASF KAF Corporation 
Whippany, New Jersey 07981 
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5864 BASF Group knoll 


Extra STRENGT: 
PAIN RELIEF 
WITHOUT 
EXTRA 
PRESCRIBING 
\ RESTRICTIONS 


Plus... Excellent patient acceptance 
è Few reported side effects 


Pain relief that lasts 
è Four to six hours of extra strength pain relief 


The heritage of VICODIN’ ** 
e VICODIN is the 24ta most frequently 
prescribed medication in America? 


* (hydrocodone bitartrate 7. a [Warning: May be habit forming) 
and acetaminophen 750 mg’ 


Tablet for tablet, 


<*(hyarooodonel bitartrate 5 mg (Warning: May be habit forming] and acetaminophen 500 mi 


: 1. Data on file, Knoll Pharmaceuticals 

© 1989, BASF K&F Cultsonlition 2. Standard industry new prescription audit. 
5825/5-89 Please see adjacent page for brief summery of prescribing information. f 
$ 
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PAPERS READ BEFORE THE NINTH ANNUAL MEETING OF THE SURGICAL INFECTION 
SOCIETY, DENVER, COLO, APRIL 13 TO APRIL 14, 1989—PART II 


Microbial Infection and the Septic Response in Critical Surgical Iliness: 
Sepa rec mection, Deterniinés OUO- «5... eae ede bac lec cc dun nebo e tbc ek cece. 17 


è The magnitude of the host septic response is an important determinant of outcome in 
critical illness independent of the presence of bacteriology or infection control. 


Decreased Tumor Necrosis Factor Production During the Initial Stages of 
Infection Correlates With Survival During Murine OIG BODO. oo i Ak ee Peek a an 
Jaime L. Mayoral, MD; Cyril J. Schweich; David L. Dunn, MD, PhD, Minneapolis, Minn 
è Agents that inhibit bacterial replication may neutralize lipopolysaccharide 
and enhance survival; survival is correlated with a reduction in 
tumor necrosis factor during the early stages of infections. 


Elevated Tumor Necrosis Factor, Production Concomitant to Elevated 
Prostaglandin E, Production by Trauma Patients’ So ecg a EE MES Ey en re i 


e Massively elevated monocyte tumor necrosis factor and prostaglandin 
E, levels occurred simultaneously in septic patients. 


Sepsis Despite Improving Systemic sees ge een! eR Se RE EO a ne ry Sr 36 


Are the Catabolic Effects of Tumor Necrosis Factor Mediated DY GMIROCHIUROIET Sse a, oak o el teed, 42 
Kenneth Mealy, FRCSI; Joseph J. B. van Lanschot, MD: Bruce G. Robinson, MD; 
Jan Rounds; Douglas W. Wilmore, MD, Boston, Mass 


è The pituitary-adrenal axis mediates part of the effects of this potent cytokine. 


Anergic Patients Before Elective Surgery Have Enhanced 
re ere MP et CINCY. Be ies oF don eo enn ss St E d Dey A ee, be kee 49 
Jose M. Tellado, MD; Betty Giannias: Bomi Kapadia; Louise Chartrand, RN: 
Mary de Santis, RN; Nicolas V. Christou, MD, PhD, Montreal, Canada 
è Although anergic, these patients had increased neutrophil 
activity when compared to nonanergic patients. 


Accelerated Lung Amino Acid Release in Hyperdynamic Septic Surgical Patients 
Donald A. Plumley, MD; Wiley W. Souba, MD, ScD: R. Dean Hautamaki, MD; 
Tomas D. Martin, MD; Timothy C. Flynn, MD; W. Robert Rout, MD; 
Edward M. Copeland III, MD, Gainesville, Fla 


@ The lung may be a key regulator in interorgan nitrogen flux following major injury and infection. 


Superoxide Production by Wound Neutrophils: Evidence 
for increased Activity ofthe NADPH Oxidase...........................0000--- 0-0 65 


@ Increased oxygen radical production by wound neutrophils 
is associated with rising cytochrome b levels. 


Le 
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Microbial Infection and the Septic Response 


in Critical Surgical Illness 


Sepsis, Not Infection, Determines Outcome 


John Marshall, MD, FRCSC, Diane Sweeney, RN 


è The differential roles of infection as a microbial phenome- 
non and sepsis as a host response were studied in 210 critically ill 
surgical patients. Infections occurred in 41.4% of all cases and in 
82% of nonsurviving patients. Both infection and the expression 
of a septic response, measured as a sepsis score, were associ- 
ated with significantly increased intensive care unit morbidity 
and mortality. Nonsurviving patients with infection had signifi- 
cantly higher sepsis scores than did survivors. Nonsurvivors 
with sepsis, on the other hand, did not differ from survivors with 
respect to any variable reflecting infection but did have higher 
mean sepsis scores. Maximum sepsis scores and sepsis scores 
on the day of death were similar in patients dying without infec- 
tion and those dying with uncontrolled infection. The magnitude 
of the host septic response, independent of the presence, bacte- 
riologic characteristics, or control of infection, is an important 
determinant of outcome in critical surgical illness. 

(Arch Surg. 1990;125:17-23) 


he word sepsis describes a clinical syndrome of pyrexia, 
leukocytosis, altered mentation, and a hyperdynamic, 
= hypermetabolic state that follows the invasion of normally 
sterile tissues by microorganisms or their products. While 
infection is a consequence of the microorganism, sepsis is a 
phenomenon of the host. The septic response is classically 
associated with gram-negative bacteremia’; however, it is 
seen not only in infection with gram-positive organisms and 
fungi’ but also in isolated viral infection.’ Sepsis may occur 
without bacteremia’ and even in the absence of microbial 
infection: experimentally, the infusion of stress hormones’ or 
the inflammatory agent etiocholanolone’ produces a set of 
responses indistinguishable from those seen in classic sepsis. 

The septic syndrome is a cardinal manifestation of infec- 
tion, yet in critical illness, the relationship between sepsis and 
infection is often obscure. Infection may occur in the absence 
of a typical septic response in the neutropenic patient or the 
patient receiving corticosteroids. Conversely, a state of florid 


sepsis and multiple-organ failure is often seen in patients with 
clinically trivial infection or no definable infectious focus at 
all,°* and the elimination of infection by the drainage of ab- 
scesses and the administration of appropriate antibiotics may 
fail to reverse the septic state.’ 

The treatment of infection involves measures directed 
against the infecting organism, specifically surgical debride- 
ment and drainage and the use of systemic antibiotics. The 
optimal approach to sepsis is more complex: it is unclear 
whether the fundamental problem is an inadequate host re- 
sponse” and the therapeutic objective the enhancement of 
host defenses,” or whether the host response itself is the 
problem,” suggesting a beneficial role for the antagonism of 
its mediators.’ The work reported here was undertaken to 
determine the relative contributions of infection and the sep- 
tic response to the morbidity and mortality of critical surgical 
illness. By conceptually differentiating infection as a microbi- 
al phenomenon from sepsis as a host response, we found that 
the magnitude of the septic response is an important indepen- 
dent determinant of outcome in critical illness. 


PATIENTS AND METHODS 
Study Population 


All patients admitted for at least 2 consecutive days to the 10-bed 
surgical intensive care unit of the Victoria General Hospital, Halifax, 
Canada, during a 6-month period (May to November 1988) were 
studied prospectively. Clinical, laboratory, radiologic, and microbio- 
logic data were collected daily; APACHE (acute physiology and 
chronic health evaluation) II scores” were calculated for the day of 
admission and the third and seventh ICU days. 


Definitions of Infection and Sepsis 


Infection as a microbial phenomenon was differentiated from sep- 
sis as a clinical syndrome. Infection was defined as the presence of 
microorganisms invading normally sterile host tissues; the diagnosis 
therefore required the demonstration of an organism but did not 


require evidence of a host response. Infections were diagnosed on the 
basis of microbiologic, pathologic, and radiologic criteria alone (Table 
1). Infections were considered to be primary if they became manifest 
within the first 48 hours of ICU admission or subsequently as a direct 
consequence of the primary disease process responsible for ICU 
admission. IC U-acquired infections were defined as those that devel- 
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Table 1.—Criteria Used for the Diagnosis of Infection 


Infection Diagnostic Criteria 


Bacteremia Presence of organism in single blood 
culture, or, for Staphylococcus 
epidermidis, in 2 blood culture 
specimens or in a single specimen and 
simultaneously on a catheter tip 

Presence of heavy growth of organism in at 
least 2 consecutive sputum cultures, or 
in specimen obtained by protected 
specimen brush bronchoscopy, in 
association with chest roentgenogram 
showing new or changing pulmonary 
infiltrate 

Presence of organism at concentration of 







Pneumonia 











Urinary tract 








infection at least 10° colony-forming units/mL of 
urine 
Line infection Simultaneous isolation of organism from 






catheter tip and blood 
Isolation of organism from specimen of 






Intra-abdominal 









infection abdominal fluid obtained at time of 
laparotomy or percutaneous drainage 
Empyema Isolation of organism from specimen of 
pleural fluid 
Biliary tract Isolation of organism from specimen of bile 
infection at time of operative or radiologic 







drainage of biliary tree 
Isolation of organism from specimen of pus 
from closed wound, or repeatedly from 
swabs of open wound that showed 
impaired formation of granulation tissue 


Table 2.—Sepsis Score 


Variable 


Maximum daily 
temperature, °C 


White blood cell 
count, x 10°/L 


Decrease in 
Glasgow Coma 
Scale score (from 
baseline)* 






Wound infection 








<38.0 38.0-38.9 39.0-39.9  =40.0 


<12.0 12.0-18.0 18.0-25.0  >25.0 


Insulin requirements, 
U/ht 


Cardiac output or <7.0, 


7.0-8.9, 
600-800 


9.0-10.9, 
400-600 


=11.0, 


systemic vascular >800 <400 


resistancet 





*The baseline Glasgow Coma Scale score is that obtained 24 to 48 hours 
after admission to the surgical intensive care unit (after recovery from 
anesthesia); decreasing levels of consciousness are calculated relative to this 
score. 

tUnits of exogenous insulin required to achieve a serum glucose level of 
10 mmol/L or lower. 

Cardiac output in liters per minute or systemic vascular resistance in dyne-s/ 
cmê; the most abnormal value is used. 


oped more than 48 hours after ICU admission and that occurred at a 
site remote from the primary site of illness or yielded a different 
microbial flora from that initially cultured. 

Sepsis was defined as a clinical syndrome characterized by fever, 
leukocytosis, altered mentation, and a hyperdynamic, hypermetabo- 
lic state; the diagnosis did not require the demonstration of a microbi- 
al pathogen. A sepsis score was developed (Table 2) to permit quanti- 
tative description of the severity of this response; the magnitude of 
the abnormality of each of five components of a septic response was 
graded on a scale ranging from 0 (normal) to 3 (markedly abnormal), 
and the sum of each of these five scores was recorded as the sepsis 
score. For each variable assessed, scores represent the worst value 
during a given 24-hour period; missing variables were assigned a 
score of 0. Sepsis scores were calculated daily for each patient. 
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Table 3.— Impact of Infection on ICU Morbidity and Mortality* 















Infectious Length 
Status of Stay, d Pt Mortality, % Pt 
No infection 


(n= 123) 


Infection, either 
primary or 

ICU acquired 
(n=87) 


Primary infection 
(n= 56) 


ICU-acquired 
infection 
(n=51) 
Both primary 
and ICU 
acquired 
(n= 20) 










7.1+1.0 <.001 19.6 .03 













11.2+1.2  <.001¢ 

















*ICU indicates intensive care unit. 
tCompared with patients without Mfection. 
P = .007 comparing patients withyrimary and ICU-acquired infection. 


Statistical Analysis 


Results are expressed as means+SEMs. Categorical data were 
analyzed by means of Yates’ carrected x” statistic; continuous data 
were analyzed with the use of Student’s t test or one-way analysis of 
variance. Variables associated with sepsis score and with death were 
analyzed by stepwise linear regression analysis and logistic regres- 
sion analysis, respectively, witn the use of BMDP statistical soft- 
ware. Statistical significance was assumed for values of P<.01. 


RESULTS 


During the 6-month study period, 210 separate admissions 
of 192 patients were studied 127 men and 83 women; average 
age, 60.9 years). The mean APACHE II score for the first 24 
hours of ICU stay was 12.4, and the mean ICU stay, 5.5 days; 
mortality was 11.5% (22/1923. Nonsurvivors were older than 
survivors (65.8+3.2 years vs 60.3+1.3 years; P<.001) and 
had higher admission APACHE II scores (17.7+1.1 vs 
6.6 + 0:3; P<.001). 


Influence of Infection on ICU Morbidity and Mortality 


Infection occurred during 87 admissions (41.4%) and re- 
sulted in an increase in both morbidity, reflected in a signifi- 
cantly prolonged ICU stay, end mortality (Table 3); 18 (82%) 
of 22 patients dying in the ICU experienced at least one 
episode of infection. Althougn primary infection was the indi- 
cation for ICU admission in 28 cases, the length of stay and 
mortality associated with ICU-acquired infections were 
greater than those of the primary infections that precipitated 
ICU admission. 

Primary infections included intra-abdominal infection (18 
cases), pneumonia (8 cases’, and soft-tissue infections (7 
cases); the most common ICU-acquired infection was pneu- 
monia (31 cases), followed by bacteremia, usually line related 
(24 cases), urinary tract infec-ions (10 cases), and recurrent or 
tertiary peritonitis (8 cases). The causative organisms in 
ICU-acquired infections were strikingly different from those 
isolated from primary infectiens (Table 4). 


Influence of Sepsis on ICU Morbidity and Mortality 


There was a highly significant correlation between maxi- 
mum sepsis score and ICU mortality: mortality was 0% for 
patients with a score of 0 and ‘ncreased to 100% for those with 
a maximum score of 10 or zreater (Fig 1). Morbidity ex- 
pressed as length of ICU stay similarly rose with increasing 
maximum sepsis scores, frone3.3 days for patient with a score 
of 2 or less to 18.4 days for patients with a score of 9 or more. 
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Table 4.—Microbiology of Primary and 
ICU-Acquired Infection* 


Primary ICU Acquired 


or 








No. of 
Patients 
Staphylococcus 16 


No. of 
Patients 
Escherichia coli 17 


Organism Organism 












Streptococcus faecalis 14 Candida 16 
Enterobacter Pseudomonas 10 
Enterobacter 8 






9 

Staphylococcus Z 
aureus 

6 


Klebsiella 


*ICU indicates intensive care unit. 








Acinetobacter 8 


Mortality, % 
lL ao DH 





VL he CPPEPEETEA 
0 1-2 3-4 5-6 7-8 9-10 
Maximum Sepsis Score 
Fig 1.—Sepsis score and intensive care unit mortality. Intensive care 
unit mortality increased as the maximum sepsis score during a given 


admission increased, ranging from 0% for patients with a score of 0 to 
100% for patients with a score of 10 or higher (P<.0001). 


Sepsis Score 
-+ MN ww p on (o>) N œ 





Day 1 


Maximum 


Fig 2.—Admission and maximum sepsis scores for survivors (open 
| bars) vs nonsurvivors (hatched bars). The difference in sepsis scores 
_ at the time of admission was not significant (NS). However, maximum 

scores were significantly greater in nonsurvivors than in survivors, 

suggesting that septic mortality was associated with events develop- 
ing during the intensive care unit stay (P<.001, Students t test). 
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% of Patients With Infection 
Nn 
O 


| SSEEEE 


Maximum Sepsis Score 
Fig 3.—Association of sepsis score with the presence of infection. The 
expression of a septic response correlated with the presence of infec- 
tion, the percentage of patients with infection at any time during 
intensive care unit stay increasing as the maximum sepsis score rose 
(P<.0001). 


Table 5.—Variables Associated With Maximum Sepsis Score 
by Stepwise Linear Regression Analysis* 


Variable 
ICU-acquired infection 
Antibiotic 

durin 







use at any time 
g ICU admission 





Acute physiology score’® 
ing 1st 24 






Volume of blood transfused 
in Ist 48 h 
Admission after emergency 
ery 


*ICU indicates intensive care unit. Variables not significantly associated with 
maximum sepsis score included age, sex, the presence of primary infection, 
and shock on admission. 


Primary ICU Acquired 


Fig 4.—Sepsis score and survival in infected patients. For patients 
with either primary or intensive care unit (ICU)—acquired infections, 
mean maximum sepsis scores were significantly higher in nonsurvi- 
vors (hatched bars) than in survivors (open bars) (mean+SEM; 
P<.001, Student's t test). 
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Sepsis scores for survivors and nonsurvivors were com- 
pared to determine whether sepsis-related mortality re- 
flected differences in disease severity at the time of ICU 
admission. As shown in Fig 2, there was no significant differ- 
ence between survivors and nonsurvivors with respect to 
sepsis scores at the time of admission; however, maximum 
sepsis scores were significantly higher in nonsurvivors. Thus, 
mortality was associated with a septic state that reached its 
full expression after ICU admission, rather than with a state 
of overwhelming sepsis that was present when the patient 
was first admitted. 


Correlation of Infection and Sepsis 


There was a strong association between the presence of 
microbial infection and the expression of a septic response 
(Fig 3), and the percentage of patients with infection in- 
creased as the maximum sepsis score increased. By stepwise 
linear regression analysis, the development of ICU-acquired 
infection was the variable that was most strongly predictive 
of maximum sepsis score (Table 5). 

Patients with primary infection had an average sepsis score 
of 2.9+0.3 on the day of admission, compared with 1.8+0.1 
for patients who did not have primary infection (P<.001). 
Infection was associated with a significantly higher maxi- 
mum sepsis score, the highest scores occurring in those pa- 
tients who developed ICU-acquired infections (6.3+0.4 vs 
5.2+0.3 for patients with primary infection; P=.01). Pa- 
tients who had no infection had a mean maximum sepsis score 
of 2.7 +0.1 (P<.001 compared with patients with infection). 


Sepsis, Rather Than Infection, Predicts ICU Mortality 


Both microbial infection and the septic response were asso- 
ciated with an elevated ICU mortality; however, the magni- 
tude of the septic response, rather than variables reflecting 
microbial infection, differentiated survivors from nonsurvi- 
vors. When all patients with infection were examined, there 
was a significant difference in maximum sepsis score between 
survivors and nonsurvivors (Fig 4); when all patients with 
sepsis (maximum sepsis score, >7) were studied, survivors 
and nonsurvivors differed with respect to maximum sepsis 
score but not with respect to any variable related to infection 
(Table 6). 

Stepwise logistic regression analysis showed that the maxi- 
mum sepsis score was the variable most strongly associated 
with ICU mortality (F =26.2, P<.00001). When maximum 
sepsis score was entered into the model, it displaced all vari- 
ables reflecting infection (primary infection, ICU-acquired 
infection, or either) as well as the APACHE II score on ICU 
admission. 


Sepsis Does Not Reflect Uncontrolled Infection 


Sepsis scores were analyzed for 52 documented episodes of 
bacteremia or fungemia. Mean scores were low (3.8+0.4 for 
gram-positive bacteremia, 4.2+0.6 for gram-negative bac- 
teremia, and 5.6 + 0.5 for candidemia; P = .25, one-way analy- 
sis of variance). 

To ascertain the impact of uncontrolled infection on mortal- 
ity, all 22 deaths were analyzed. Patients were considered to 
have no infection or controlled infection if cultures in the 7 
days preceding death were negative and no significant focus 
of infection was found at autopsy, and to have uncontrolled 
infection if infection was documented in the week preceding 
death or at postmortem examination. As shown in Table 7, 
there was no significant difference between patients with 
controlled and uncontrolled infection with regard to either 
maximum sepsis score or sepsis score on the day of death, 
indicating that the elevated sepsis score did not reflect occult 
or uncontrolled infection. 
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Table 6.—Influence of Sepsis vs Infection on ICU Survival in 
Patients With Sepsis Scores of 7 or Higher* 







% of Patients 















Variable Survivors Nonsurvivors P 

Infection 

Primary infection 38.1 46.7 NS 

ICU-acquired infection 76.2 60 NS 

No infection 14.3 13.2 NS 

Pneumonia 47.6 53.3 NS 

Peritonitis 33.3 40 NS 

Bacteremia 42.9 20 NS 
Sepsis 

Maximum sepsis score 77+0.2 8.9+0.4 <.01 





*ICU indicates intensive care unit: NS, not significant. 


Table 7.—Influence of Control of Infection on Sepsis Score in 
Nonsurviwing Patients 


Infection 
eaaa 


NoneControlled Uncontrolled pr 
No. of patients 16 6 l 
Maximum sepsis score 73+0.8 7.3+0.8 NS 


Sepsis score on 


day of death 58+0.8 5.6+0.8 NS 


*NS indicates not significant. 


Table 8.—Variables Associated With Septic Response 
(Maximum Sepsis Score, =7)* 


Variable x? P 
Primary infection .0003 
Antibiotics on ICU admission .0004 
<,.00001 
<.00001 


ICU-acquired infection 
Emergency surgery 
Admission APACHE II >15 .004 
<.00001 
<.00001 


Ventilatory support >48 h 
Nasogastric tube >48 h 





Determinants of the Septic Response 


Table 8 summarizes the variables found by x’ analysis to be 
significantly associated with the development of a septic re- 
sponse, defined as a maximum sepsis score of 7 or higher. It is 
of interest that the use of antibiotics at the time of ICU 
admission was significantly associated not only with the de- 
velopment of a septic response, but also with the subsequent 
development of ICU-acquired infection (P = .008). 


COMMENT 


Invasive microbial infection triggers a complex series of 
responses in the host, producing the clinical syndrome of 
sepsis; the septic response serves to optimize the internal 
environment to contain and eliminate the microbial challenge. 
It has become apparent that the manifestations of this re- 
sponse reflect a host phenomenon, rather than a bacterial 
phenomenon, and result from the release of a number of 
mediator molecules that exert profound influences on hemo- 
dynamic, metabolic, and immunologic homeostasis. The con- 
sequences of this mediator release may be both beneficial and 
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harmful. The activation of macrophages enhances their abili- 
ty to kill intracellular bacteria” but also results in the release 
of products such as cachectin and prostaglandin E,, which are 
thought to be centrally implicated in the pathogenesis of 
multiple-organ failure.” The monokine interleukin 1 triggers 
pyrexia, leukocytosis, and the release of interleukin 2 from T 
cells“ but also induces hypotension, leukopenia, and thrombo- 
cytopenia, resulting in a state similar to that seen in septic 
shock.” Mediators of the nonspecific antibacterial immune 
response, while effective in the initial elimination of organ- 
isms, accomplish this end at the potential cost of considerable 
tissue injury, and such mediators as oxygen intermediates,” 
complement fragments,” and cachectin™ have all been demon- 
strated to produce the characteristic pathologic changes seen 
in the lung in sepsis and multiple-organ failure. It is appropri- 
ate to consider the septic response itself as a potential cause of 
morbidity that is amenable to therapeutic manipulation. How 
best to accomplish this objective is not known. 

Infection is the most common stimulus to the septic re- 
sponse, and the treatment of infection is the cornerstone of 
the treatment of sepsis. Despite the availability of sensitive 
diagnostic imaging techniques and potent specific antimicro- 
bial chemotherapy, measures directed solely against infection 
frequently do not correct the problem of sepsis. In the present 
study, the use of antibiotics at the time of ICU admission 
correlated positively with the subsequent development of 
both sepsis and ICU-acquired infection. Furthermore, the 
infections that develop after ICU admission are often caused 
by relatively nonvirulent species such as Staphylococcus epi- 
dermidis and Candida and behave more as markers for the 
high-risk patient than as the cause of morbidity and 
mortality.“ 

Infection occurred in 41.4% of all patients in this study and 
in 82% of those who died. Although the development of infec- 
tion conferred a significantly increased risk of morbidity and 
mortality, however, variables reflecting the severity of the 
septic response, rather than those reflecting infection, were 
significantly associated with this risk, and, for nonsurvivors, 
control of infection did not reduce the severity of sepsis. While 
infection is the major threat in untreated infection, in the 
patient with treated infection, the host septic response itself 
becomes a threat to patient survival. 

The persistence of a septic response despite the apparent 
control of infection suggests three possible explanations. Oc- 
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cult, undiagnosed infection seems unlikely to have played an 
important role, for there was no difference between the sepsis 
scores of nonsurviving patients with or without infection. 
Bacterial products, such as endotoxin, on the other hand, 
likely contribute significantly. Endotoxemia can be docu- 
mented after burn injury” and in septic shock in the absence of 
positive blood cultures”; experimentally, the infusion of endo- 
toxin produces a hyperdynamic septic state that persists after 
the infusion has been discontinued.” Finally, the transloca- 
tion of viable bacteria” or the absorption of bacterial prod- 
ucts” from the gastrointestinal tract may provide the stimu- 
lus for a systemic septic response. 

Whatever the mechanism of the persistent septic response, 
it is apparent that conventional measures directed against 
infection are often inadequate to reverse it. Moreover, if the 
essential problem is uncontrolled sepsis rather than uncon- 
trolled infection, then attempts to enhance the immune re- 
sponse nonspecifically may be deleterious rather than benefi- 
cial. It has been shown that administration of the phagocytic 
stimulant glucan to experimental animals enhances resis- 
tance to bacterial infection” but actually increases the lethal- 
ity of endotoxie shock by stimulating the release of arachi- 
donic acid metabolites.” Caution must be exercised in 
extrapolating data derived from animal models of uncon- 
trolled, untreated infection (for example, cecal ligation and 
puncture) to the clinical setting where uncontrolled sepsis 
appears to be the major problem. 

Previous attempts to provide an objective measure of the 
severity of sepsis, such as that proposed by Elebute and 
Stoner,” have incorporated variables reflecting both infection 
and sepsis. With the widespread availability of sensitive diag- 
nostic imaging techniques and potent specific antimicrobial 
chemotherapy, the problem of infection may now be much less 
important than the problem of sepsis. Differentiation be- 
tween effects arising from infection and those arising from 
uncontrolled sepsis is of increasing importance in understand- 
ing mechanisms of pathogenesis in critical illness and in devis- 
ing and evaluating therapeutic strategies. 
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Discussion 


EDWIN DEITCH, MD, Shreveport, La: I think the basic underpin- 
nings or the reason for doing the study are several facts that have 
become more apparent over the last several years: first, that not 
every patient who dies with what appears to be a clinicaily obvious 
bacterial infection has microbiologic evidence of infection; second, 
that adequate clinical treatment of what appears to be a bacterial 
infection does not mandate survival; and third, that the response of an 
individual to an infection is relatively unpredictable. 

These types of observations have forced us to question the assump- 
tion that there is a direct relationship between infection and outcome, 
especially in ICU patients. 

In looking at this study, the author has come up with some findings 
and conclusions that I think are firm and some that I think require a 
little interpretation. 

One finding that is firm is that nearly 80% of the patients who died 
were infected. Now, that means that almost 20% of patients who died 
had no evidence of infection at death. This is consistent with what has 
been reported in the literature, so that, I think, is a relatively firm 
finding. 

The second finding that is firm is that the presence of an established 
infection in these ICU patients was associated with a mortality of 
about 20%. However, when the patient manifested a significant 
systemic response to that infection, the mortality increased to about 
80%. These two findings illustrate the point that the magnitude of the 
host’s systemic response is a more important determinant of survival 
than the presence of infection. 

Therefore, I think the major strength of this paper is the authors’ 
attempt to stratify these patients on the basis of their physiologic 
state and not just on the presence or absence of infection. 

However, I have problems with some of the statistical associations 
reported in this study. The septic score used seems to be a home- 
grown score, and there is nothing wrong with that. But I wonder, has 
this been validated prospectively for accuracy? How were the vari- 
ables chosen, and how does this scoring system compare against other 
systems, such as the APACHE system? The patients were studied 
prospectively, but was the score constructed before or after the 
patients were enrolled? 

The associations that the authors reported were based primar- 
ily on x” analysis, and Dr Cerra has already talked about the im- 
portance of doing a multivariate analysis in which you look at 
both cofactors rather than each factor as an independent variable. 
Therefore, I think that the weakness of the study is the statistical 
analysis. 

ANDREW MUNSTER, MD, Baltimore, Md: I think this study raised 
an important question, which is that we do not psychologically differ- 
entiate between the host response and the infection, and it probably is 
useful that we should do that. 

On the other hand, I have great difficulty in lumping gram-positive 
and gram-negative infections together, even though the authors’ data 
suggest that this can in fact be done. 

We have now measured endotoxin levels in some 300 assays, and it 
is quite clear that there are a large number of patients who have 
gram-negative sepsis and an appropriate response to it who in fact 
have negative blood cultures, and our entire reliance on the diagnosis 
of infection is by blood culture. 

In addition, different organisms that have lipid A promote different 
host responses, even though the lipid A seems, at least in theory, to 
be similar. 

I would be interested in knowing whether the authors plan to 
include endotoxin assays in further work in this area. I think that 
would be quite essential. 

RICHARD HOWARD, MD, Gainesville, Fla: I enjoyed this study 
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also, and the attempt to differentiate between sepsis and infection. I 
have two questions. 

If the authors defined infection by a positive culture, how did they 
deal with the patients in the ICU with a pulmonary infiltrate in trying 
to decide whether it was an effusion or adult respiratory distress or 
pneumonia? Certainly a microbielogic definition of pneumonia is one 
of the most difficult to determine in the ICU patient. How did the 
authors get cultures from patients with pulmonary infiltrates? 

In those patients who met the-authors’ criteria for sepsis in whom 
they did not find an infection, what might the cause of the septic state 
have been? 

PALMER BESSEY, MD, St Louis, Mo: I would like the authors to 
comment further on the effect ofage. The mean age, I think, in their 
study was about 61 years. 

Older people may not always be able to mount the same intensity of 
a metabolic response to their crctical illness as, Say, Someone much 
younger could. Younger people generally tend to have better surviv- 
al. How do the authors correlate those sorts of observations with 
their findings? 

THOMAS HUNT, MD, San Francisco, Calif: I am standing up not asa 
scientist but as a schoolteacher. When I wrote a textbook chapter 
about surgical infections, I ran across this word sepsis. Knowing that - 
I had to translate it to medical students, I sought the contemporary 
usage. It is used synonymously with “infection,” or “bacteria in the 
blood,” or even just “high white biood cell count.” 

For my chapter, I decided to define it as bacteria and white blood 
cells in the blood. Now the authors specifically define sepsis as 
something that is not infective, that has nothing to do with infection. 

I suggest either that they change the title of their “sepsis score” or 
that this society somehow give me a consensus on the word sepsis so I 
can write it into a textbook chapter with reasonable assurance of 
clarity. 

STANLEY LEVENSON, MD, New York, NY: It seems to me that 
many of us would use the term colonization rather than the term 
infection, which the authors have used in their presentation. Were 
there any clinical symptoms and signs in the patients whom the 
authors have classified as infected without sepsis? 

JONATHAN MEAKINS, MD, Montreal, Canada: It seems to me that 
what the authors are asking us to do is to think originally about an old 
problem and that indeed, with respect to Dr Hunt’s remarks, we are 
looking for some new words to define what is happening to patients in 
the ICU. I think we do have to start to think originally about the 
differences between infection, sepsis, septic response without infec- 
tion, and the septic syndrome, as it is quite clear that they are not the 
same. 

Frank Cerra has used the ward septoid. That is not perfectly 
satisfactory, it creates images of “Stars Wars” and stuff, but that is 
the kind of way we have to think about this as a new set of problems. 

DR MARSHALL: I would like to thank the discussants for some very 
interesting questions. 

Dr Deitch, the score was in fac: developed before the start of the 
study, and data collection was prospective. I agree that it is necessary 
to validate such a score in a large group of patients, and the study is 
ongoing. 

I agree with your comments about statistical analysis: we do not 
yet have the resources to perform those analyses. We plan, as the 
data grow, to determine whether we can discriminate patterns of 
septic response that have enhanced diagnostic or prognostic signifi- 
cance, and this will require more sophisticated statistical analysis. 

Dr Munster asked about gram-positive and gram-negative organ- 
isms in these infections and the vole of endotoxin. The number of 
patients with bacteremia is relatively small. I am familiar with your 
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work, and I suspect that endotoxin is an important mediator when the 
septic response occurs in the absence of microbial infection. 

The use of graded doses of polymyxin B may be beneficial, as you 
have demonstrated; however, clearly there is no value in administer- 
ing other antibiotics. Indeed, antibiotics may be harmful by enhanc- 
ing the release of endotoxin, or by facilitating its absorption from the 
gut. 

Dr Howard asked the difficult question about the pulmonary infil- 
trate in the ICU patient. There is no gold standard at present for the 
diagnosis of pneumonia in the ICU patient. 

We used the protected specimen brush technique quite liberally, 
and many of these diagnoses were established on the basis of quanti- 
tative cultures on specimens obtained by protected specimen brush 
bronchoscopy. 

Alternatively, in patients who did not have brush bronchoscopy, 
the diagnosis of pneumonia required the presence of a dominant 
organism in repeated specimens. But admittedly there are going to be 
anumber of patients who do have pneumonia that we are not identify- 
ing, or vice versa. ? 

Dr Howard also asked me to speculate on the cause of the septic 
state. Infection is certainly one trigger for the septic response. Other 
stimuli, unrelated to viable microorganisms, may include endotoxin 
or other bacterial praducts coming from the gastrointestinal tract. 
Sepsis and infection are obviously related, but the presence of one 
does not necessarily imply the presence of the other. 

Dr Bessey asked about the effects of age. Our patient population 
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tends to be an elderly population with multiple medical conditions. 
Only about 15% of these patients are trauma victims. At least in a 
preliminary analysis of the data, there does not appear to be a strong 
effect based on age. 

Dr Hunt, I agree with your comments about the need for a defini- 
tion of sepsis. I do not want to imply that sepsis is not related to 
infection. The septic response is usually an expression of systemic 
infection, but sepsis may occur in the absence of infection. 

Dr Levinson asked whether or not we are in fact looking at coloniza- 
tion here. I think the criteria we used for diagnosis of infection are 
reasonably well-accepted criteria. 

The diagnosis of urinary tract infection, for example, required the 
presence of more than 10° organisms in a specimen of urine; for 
bacteremia, there had to be bacteria in the bloodstream; and for 
peritonitis, there had to be organisms in pus that was obtained at the 
time of surgical or percutaneous catheter drainage. Indeed, microbio- 
logic infection was almost invariably associated with a high sepsis 
score. But we intentionally avoided diagnostic criteria based on the 
systemic response because we attempted to discriminate that compo- 
nent of morbidity that arises from the host response from that which 
arises from the organism. 

Dr Meakins, your ideas have been an important influence on this 
work. I, too, do not like the term septoid. I think it begs the question 
of what, if septoid means sepsislike, is sepsis? From the perspective 
of this study, sepsis is a characteristic host response that may or may 
not be triggered by microbial infection. 
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Decreased Tumor Necrosis Factor Production 


During the Initial Stages of Infection 


Correlates With Survival During Murine 


Gram-negative Sepsis 
Jaime L. Mayoral, MD; Cyril J. Schweich; David L. Dunn, MD, PhD 


è Secretion of tumor necrosis factor (TNF)/cachectin occurs 
during gram-negative bacterial sepsis in response to macro- 
phage stimulation by lipopolysaccharide (endotoxin) and may 
play an early pivotal role in the subsequent host response. We 
sought to determine whether administration of: (1) murine mono- 
clonal antibody directed against endotoxin, (2) steroids, or (3) 
antimicrobial agents would abrogate TNF production and wheth- 
er the protective capacity would correlate with TNF levels in an 
experimental model of murine gram-negative bacterial sepsis. 
Mice were pretreated with anti-lipopolysaccharide monoclonal 
antibody, gentamicin sulfate, hydrocortisone, or saline and were 
then challenged with a lethal dose of intraperitoneal Salmonella 
minnesota. Murine serum TNF levels were measured by the L929 
fibroblast cytotoxicity assay. Both gentamicin and anti-lipopoly- 
saccharide monoclonal antibody significantly enhanced surviv- 
al, and TNF activity at 1.5 and 3 hours was significantly sup- 
pressed in animals receiving these agents compared with 
animals that received either steroids or saline. We conclude that 
agents such as gentamicin, which inhibits bacterial replication, 
or monoclonal antibodies, which may neutralize lipopolysaccha- 
ride, indeed enhance survival, and survival was correlated with a 
significant reduction in circulating TNF during the early stages of 
infection. 

(Arch Surg. 1990;125:24-28) 


E ram-negative bacterial sepsis produces a large number of 
profound alterations in the metabolic and hemodynamic 
homeostatic mechanisms of the host. Gram-negative mi- 
crobes interacting with host defenses produce significant ef- 
fects on a wide variety of target organs, often including 
hypotension and severe shock, disseminated intravascular 
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coagulation, and renal, hepatic, and pulmonary injury. Many 
if not all of the lethal effects of gram-negative bacterial sepsis 
have been attributed to the consequences of the interaction of 
lipopolysaccharide (LPS, endotoxin) with mammalian tis- 
sues. More recently, it has been demonstrated that the toxic- 
ity of gram-negative bacterial LPS may be mediated in part 
through the release of endogenous host cytokines. Tumor 
necrosis factor (TNF)/cachectin has been implicated as a me- 
diator that is both released im response to LPS stimulation 
and capable of initiating multiple organ injury. 

Tumor necrosis factor is a cytokine produced primarily by 
macrophages during the early phase of the host response to 
gram-negative infection and endotoxemia.” Elevated TNF 
levels occur during experimental human and primate endo- 
toxemia, with peak levels occurring between 1 and 2 hours 
after gram-negative bacterial or LPS challenge.*** Many of 
the sequelae of gram-negative infection can be reproduced by 
infusing purified TNF into animals, and death occurs after the 
administration of high doses of TNF.’ 

Administration of monoclonal antibodies directed against 
TNF to primates abrogates septic sequelae and prevents 
death during gram-negative bacterial sepsis, but only if ad- 
ministration occurs 1.5 to 3 sours prior to bacterial chal- 
lenge.” These experiments kave provided support for the 
contention that TNF plays an early, pivotal role in gram- 
negative infections and that host survival may be enhanced by 
abrogating TNF activity during the early stages of sepsis. 

Administration of appropriate antimicrobial agents, inten- 
sive physiologic monitoring, 2nd metabolic support are the 
current mainstays of treatment for clinical gram-negative 
bacterial sepsis. Treatment modalities under investigation 
include polyclonal and monoclonal antibodies directed against 
LPS; we have previously demenstrated that they act in con- 
cert with an antimicrobial agent to enhance survival during 
experimental gram-negative sepsis." Anti-TNF mono- 
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clonal antibodies are also under investigation. Steroids have 
been used in the treatment of gram-negative sepsis with 
controversial results, and several well-controlled studies 
have failed to demonstrate a beneficial effect of these 
agents.” 

In the present study, we first measured TNF levels in vitro 
in a system in which murine macrophages were stimulated 
with LPS, and we then studied the ability of an anti-LPS 
monoclonal antibody to block TNF release. Secondly, we 
measured circulating TNF activity in the sera of mice that 
were challenged with a lethal dose of gram-negative bacteria 
and sought to determine whether TNF release correlated 
with mortality in mice pretreated with one of four agents: (1) 
anti-LPS monoclonal antibody, (2) gentamicin sulfate, (3) 
hydrocortisone, or (4) saline. We sought to determine wheth- 
er or not the systemic level of TNF was associated with 
survival during lethal experimental gram-negative sepsis and 
whether agents that enhanced survival invariably diminished 
TNF secretion. 


MATERIALS AND METHODS 
Bacterial Isolate and Growth 


Salmonella minnesota wild type bacteria were inoculated into 
50 mL of tryptic soy broth (Difco Laboratories, Detroit, Mich) and 
incubated in a shaker bath at 37°C. The bacteria were then centri- 
fuged and washed with sterile 0.9% saline three times. Initial approx- 
imation of bacterial numbers was achieved by densitometry. Serial 
dilutions were performed, agar pour plates were made, and exact 
enumeration was established by viable colony counting the following 
day. Lipopolysaccharide derived from the outer membrane of this 
organism was obtained from List Biological Laboratories, Campbell, 
Calif. 


isolation and Characterization of 8D11 
Anti-LPS Monoclonal Antibodies. 


Hybridomas secreting monoclonal antibodies directed against 
O saccharide were derived from Balb/c mice immunized subcutane- 
ously once per week for 5 weeks with 25 ug of S minnesota wild type 
LPS emulsified in complete Freund's adjuvant for the initial dose and 
emulsified in incomplete Freund’s adjuvant for the subsequent doses. 
An additional dose of 20 ug of LPS was administered intravenously 
3 days prior to fusion. To produce hybridomas, mice underwent 
splenectomy, and spleen cells were isolated. Spleen cells (1 x 10°) 
were fused with P3X63-Ag8.653 murine myeloma cells (2.5 x 10°) 
using a polyethylene glycol fusion technique. Cells were plated out in 
96-well microtiter plates at 1.2 x 10° cells per well in media containing 
hypoxanthine-thymidine. Replacement with media containing hypo- 
xanthine-aminopterin-thymidine took place 1 and 3 days later. Clones 
secreting monoclonal antibodies with potential LPS specificity were 
identified 2 weeks later by use of an enzyme-linked immunosorbent 
assay and further screened by immunodot blot analysis. The mono- 
clonal antibodies were then subisotyped and purified, and the final 
LPS binding was identified by Western immunoblot analysis, as 
previously described.“ 


Measurement of TNF Activity 


Tumor necrosis factor activity was measured by a cytotoxicity 
assay that employs a TNF-sensitive fibroblast cell line (L929). 
Briefly, 100 uL of a suspension containing 5 x 10° L929 cells per 
milliliter in Dulbecco’s modified Eagle’s medium (Gibco Scientific, 
Grand Island, NY) supplemented with 5% fetal calf serum and antibi- 
otics (penicillin, 10 000 U/mL; streptomycin, 10 000 mg/L; and am- 
photericin B, 25 mg/L, Bioproducts Inc, Walkersville, Md) were 
plated into 96-well culture plates. In four replicate plates, 50 uL of 
test sample (undiluted serum) and 50 L of dactinomycin (1 g/L) were 
transferred into wells containing L929 cells so that the total volume 
was 200 yl per well. After a 20-hour incubation at 37°C, the plates 
were washed with normal saline. The surviving cells were fixed and 
stained with a solution of 5% crystal violet. The absorbance at 590 nm 
(indicating dye uptake, which correlates inversely with cellular death 
and lysis) was determined by use of a V „a microplate reader (Molecu- 
lar Devices, Menlo Park, Calif). One unit of activity was defined as 
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50% cell lysis compared with control cells exposed to dactinomycin 
alone and cells exposed to sulfuric acid, which causes 100% lysis. 


Peritoneal Macrophage Isolation 


Peritoneal macrophages were collected after intraperitoneal injec- 
tion of 10 mL of RPMI 1640 media (Gibco Scientific) and subsequent 
aspiration of the cell suspension with a syringe. The cells were 
centrifuged, counted by hemocytometry, and adjusted to 1 x 10° cells 
per milliliter in RPMI containing 10% fetal calf serum and antibiotics. 
The peritoneal macrophages were transferred to 16-mm flat-bot- 
tomed costar wells (Becton-Dickinson Labware, Lincoln Park, NJ) 
and allowed to adhere for 24 hours in an incubator with 5% CO, at 
37°C. The nonadherent cells were removed by washing with medium 
three times. The peritoneal macrophages (1 x 10° cells per milliliter) 
were pretreated for 1 hour with saline or with anti-LPS monoclonal 
antibodies, 0.1, 0.5, 1.0, or 2.0 g/L. The macrophages were then 
stimulated with 15 wg of S minnesota wild type LPS for 3 hours, and 
the supernatant was then tested for TNF activity. 


Animal Model 


Swiss-Webster mice weighing 23 to 28 g were pretreated with: (1) 
0.5 mg of 8D11 monoclonal antibody intravenously, (2) 0.5 mL of 
sterile 0.9% saline intravenously, (3) 100-mg/kg hydrocortisone intra- 
venously, or (4) 40-mg/kg gentamicin intraperitoneally 1 hour prior to 
bacterial challenge. Ten animals per group were challenged with 
1 x 10' colony-forming units of S minnesota wild type plus 0.5 mL of 
7% gastric hog mucin intraperitoneally. Animals were anesthetized 
with pentobarbital sodium (35 mg/kg intraperitoneally), and blood 
was collected via direct cardiac puncture. The blood was immediately 
centrifuged, and the serum was collected and stored at — 70°C until 
testing took place. 


Statistical Analysis 
Groups were compared using Student's ¢ test. 


RESULTS 


Production of TNF by Isolated, LPS-Stimulated 
Peritoneal Macrophages 


Peritoneal macrophages were pretreated with varying 
doses of 8D11 monoclonal antibody and then challenged with S 
minnesota wild type LPS. Macrophages pretreated with in- 
creasing doses of anti-LPS monoclonal antibody demon- 
strated decreasing TNF activity, which was related to the 
monoclonal antibody dose (Fig 1). Although complete abroga- 
tion of TNF did not occur, significant suppression occurred 
when monoclonal antibody was present compared with mac- 
rophages pretreated with saline only (P<.01), 


Animal Protection Studies 


Mortality was assessed at daily intervals, and all 10 animals 
in the gentamicin and anti-LPS monoclonal antibody group 
were alive 3 days after bacterial challenge. Neither hydrocor- 
tisone nor saline had any protective properties. Enhanced 
survival was demonstrated in animals pretreated with either 
gentamicin or 8D11 monoclonal antibody compared with ani- 
mals receiving either hydrocortisone or saline (P<.001, Fig 
2). 


Correlation of Serum TNF Levels With Survival 


From previous studies performed by our laboratory and by 
other groups,*® we determined that the peak TNF levels in 
our lethal sepsis model occur at 1.5 hours (108 + 8[SD] U/mL). 
We measured TNF levels in all four groups at 1.5 and 3 hours. 
There was a significant reduction of TNF levels in animals 
pretreated with gentamicin or 8D11 monoclonal antibody at 
1.5 hours (Fig 3). At 3 hours, animals pretreated with both 
gentamicin and 8D11 monoclonal antibody continued to exhib- 
it lower TNF levels compared with the saline group (Fig 4). 
Thus, enhanced survival may be predicted by measuring 
circulating TNF levels in this animal model (compare Figs 2 
and 8). 


Tumor Necrosis Factor Production—Mayoraletal 25 


TNF, U/mL 


LPS Alone 0.1 0.5 1.0 2.0 
(15 mg/L) 


Monoclonal Antibody, mg 


Fig 1.—Peritoneal macrophages pretreated with increasing doses of 
anti-lipopolysaccharide (LPS) 8D11 murine monoclonal antibody pro- 
duced less tumor necrosis factor (TNF) in a dose-response fashion 
than macrophages pretreated with saline. Asterisk indicates P<.01. 
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Fig 2.— Mortality 24 hours after lethal intraperitoneal Salmonella min- 
nesota bacterial challenge in mice pretreated with: (1) saline, 0.5 mL; 
(2) hydrocortisone, 100 mg/kg intravenously; (3) gentamicin, 40 mg/kg 
intraperitoneally; or (4) antitlipopolysaccharide 8D11 murine mono- 
clonal antibody, 0.5 mg intravenously. There were 10 mice in each 
group. P<.01 in the gentamicin and monoclonal antibody groups of 
animals compared with the saline group. 


Gentamicin 


COMMENT 


Bacterial endotoxin is highly toxic to most mammals. When 
infused intravenously it evokes a shock state characterized by 
fever, hypotension, and multiple system organ failure. It is 
not clear whether endotoxin injures the host by direct or 
indirect mechanisms or both. There is mounting evidence, 
however, that endogenous mediators may be responsible for 
many of the detrimental effects that occur during gram- 
negative sepsis. Tumor necrosis factor has been implicated as 
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Fig 3.—Serum tumor necrosis factor (TNF) levels measured 
1.5 hours after lethal intraperitoneal Salmonella minnesota bacterial 
challenge in mice pretreated with (1) saline, 0.5 mL; (2) hydrocorti- 
sone, 100 mg/kg intravenously; (©) gentamicin, 40 mg/kg intraperito- 
neally; or (4) antilipopolysaccha ide 8D11 murine monoclonal anti- 
body, 0.5 mg intravenously. There were 10 mice in each group. P<.01 
in the gentamicin and monoclonal antibody groups of animals com- 
pared with the saline group. 
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Fig 4.—Serum tumor necrosis factor (TNF) levels measured 3 hours 
after lethal intraperitoneal Salmonella minnesota bacterial challenge 
in mice pretreated with: (1) saline, 0.5 mL; (2) hydrocortisone, 
100 mg/kg intravenously; (3) gentamicin, 40 mg/kg intraperitoneally; 


or (4) anti-lipopolysaccharide 8D1° murine monoclonal antibody, 0.5 


mg intravenously. There were 10 arimals in each group. P<.05 in the 


gentamicin and monoclonal antibocy groups compared with the saline 
group. 


an early mediator of lethal endotoxemia and appears capable 
of initiating a cascade of biochemical and physiologic respons- 
es similar to those observed during experimental and clinical 
septic shock. * 


In this study we were able to demonstrate that anti-LPS 


monoclonal antibodies reduce in vitro macrophage TNF pro- 
duction after endotoxin stimulation. We then correlated se- 
rum TNF levels with mortality in an experimental model of 
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lethal gram-negative bacterial sepsis. We pretreated mice 
with anti-LPS monoclonal antibody, gentamicin, hydrocorti- 
sone, or saline. Neither hydrocortisone nor saline improved 
survival. Several initial studies demonstrated that steroids 
may possess protective properties against gram-negative 
bacterial infections.” Although it has been postulated that 
steroids cause mammalian cells to become resistant to LPS, 
we were not able to demonstrate protection or decreased 
TNF activity using hydrocortisone, which correlates with a 
lack of protection in more recent studies in which steroids 
were administered to patients with sepsis.” 

Both gentamicin and anti-LPS monoclonal antibody im- 
proved survival and suppressed circulating TNF activity dur- 
ing the initial stages of gram-negative sepsis. Anti-LPS mon- 
oclonal antibodies bind directly to LPS and are capable of 
enhancing opsonization and bacterial phagocytosis, perhaps 
decreasing TNF production. Gentamicin is a bactericidal 
agent capable of inhibiting bacterial replication and may 
serve to decrease the systemic endotoxin load, suppressing 
TNF production. Thus, we were able to correlate a reduction 
in systemic TNF levels with a reduction in mortality. This has 
already been observed in a clinical study in which the severity 
of meningococcemia correlated with elevated TNF levels." 

It is important to note that there was not an absolute 
cessation of TNF production in either the in vivo or in vitro 
experiments, only a relative suppression of TNF production. 
Although this is not directly supported by our data, we hy- 
pothesize that low levels of TNF may be beneficial, in fact, 
serving to enhance host defenses during infection, so that 
complete abrogation of TNF is not necessary for host surviv- 
al. Support for this hypothesis arises from studies demon- 
strating that the presence of picomolar concentrations of 
TNF can activate macrophages and enhance leukocyte-medi- 
ated killing of parasites and fungus in vitro, enhancing host 
defenses.” A beneficial role of TNF during the host response 
to infection may be dependent on the induction of altered 
cellular energy metabolism or the paracrine activities of the 
hormone after local tissue release occurs. ”” 


Our data confirm previous work demonstrating that ele- 
vated TNF levels occur during the initial stages of lethal 
gram-negative bacterial sepsis. Tumor necrosis factor levels 
probably fluctuate during infection, and this may be depen- 
dent on the endotoxin load at any given point in time. Our 
experiments focused on the initial gram-negative insult, 
where peak TNF levels occurred. Manipulation of the host 
TNF level may prove to be clinically relevant, but further 
studies are necessary to understand the exact role TNF plays 
during gram-negative bacterial sepsis and endotoxemia. 

Our experiments, however, provide further support for the 
contention that TNF assumes an early critical role in the 
pathogenesis of endotoxin-induced tissue injury. We hypoth- 
esize that elevated TNF levels may occur and are associated 
with mortality during gram-negative bacterial infections. 
Measurement of TNF levels may be helpful in identifying the 
inadequately treated host. Furthermore, we postulate that a 
reduction in TNF levels by various agents during gram- 
negative sepsis may enhance survival. Our data support this 
contention, in that diminished TNF levels correlated with 
increased survival in the animals pretreated with both antibi- 
otics and anti-LPS monoclonal antibodies, even though com- 
plete abrogation of TNF secretion did not occur. Interesting- 
ly, while several studies have already demonstrated the 
protective capacity of anti-TNF monoclonal antibodies and 
anti-LPS monoclonal antibodies during experimental gram- 
negative sepsis, the agents have not been combined. We plan 
further experiments to determine whether or not agents 
exert additive or synergistic effects and to determine the 
clinical usefulness of these agents used individually or in 
combination. 


This work was supported by grant RO1 GM32414 from the National Insti- 
tutes of Health, Bethesda, Md. Dr Dunn is the recipient of Research Career 
Development Award GM00517 from the National Institutes of Health; this 
award also supported these studies. 
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Discussion 


JOSEPH S. SOLOMKIN, MD, Cincinnati, Ohio: I want to briefly 
summarize the key points of your study. You have attempted to 
dissociate TNF plasma levels from the outcome parameter of mortal- 
ity using therapeutic probes such as antibiotics, steroids, and anti- 
bodies. You were not able to define a condition in which high TNF 
levels were not associated with mortality. You concluded that the 
absence of this condition establishes a causal role for TNF in 
mortality. 

While TNF infusions in animals cause rapid death, there is a 
growing belief that TNF by itself is not a solitary or perhaps even 
primary mediator of endotoxin-related death or other sequelae of 
endotoxemia, including the respiratory distress syndrome and the 
loosely defined syndrome of multiple organ failure. 

There are several explanations for the observations made using 
infusion of TNF into animals. Relatively high doses are needed to 
achieve observed results; these doses are likely beyond those gener- 
ated by LPS infusion. Without careful control for resuscitation status 
in these animals at a level similar to that used for humans, we may be 
seeing reversible hypovolemia and hypoperfusion as a mechanism of 
death. 

It is also important to recognize that inflammation is not an intra- 
vascular event; it is an extravascular event that occurs at endothelial 
surfaces and then extends into the matrix tissue. Animal models 
based on infusion of TNF intravenously may be using a clumsy means 
of delivering TNF to these extravascular areas. 

In this connection, TNF is now recognized as an inducer of platelet- 
activating factor synthesis. Tumor necrosis factor may this serve 
primarily as a regulatory substance in a tissue phase environment, 
affecting the secretion of other, even more potent proinflammatory 
mediators. 

To return to your study, what controls did you use to examine the 
volume resuscitation requirements of these animals? Did you reach a 
large fluid resuscitation volume without being able to reverse some of 
your mortality findings? 

Regarding the attempt to dissociate TNF plasma or serum levels 
from overall mortality, I think you might have found some very 
interesting results had you used other probes, such as P-lactam 
antibiotics. B-Lactam antibiotics cause the release of a considerable 
amount of endotoxin because they are cell wall-active agents. This 
might have allowed you more range in dissociating TNF levels from 
mortality. 

You state that you used undiluted serum samples in the L-929 
assay. By definition, in this assay, 1 U of TNF causes 50% cell lysis. 
By the time you have reached 10 U of TNF per milliliter, you have 
killed over 95% of the cells. 

Without serial dilutions, I doubt that your system could discrimi- 
nate between 100 or 1000 U of TNF in the L929 assay. Your groups 
appear to not be as spread out as one would have hoped because your 
assay became TNF-insensitive very rapidly. Is it possible that the 
insensitivity of the assay technique employed masked substantial 
differences between groups? 

CAROL MILLER, MD, Worcester, Mass: Is the serum activity you 
are finding completely neutralizable by antibody to recombinant 
TNF-alpha? This is important because in certain of the cell lines used 
the L-929 assay has been shown to be sensitive to other mediators 
besides TNF-alpha. 

Would you see different results if you had used a trauma model in 
addition to LPS infusion? In other words, would this have activated a 
different series of mediators in addition to the LPS-induced 
mediators? 

How did you come to the conclusion that the TNF serum activity 
you were detecting was monocyte-derived, since a variety of cell 
types produce TNF? 

MARC E. LANSER, MD, Boston, Mass: Why did you add the anti- 
LPS to the monocytes prior to adding the Salmonella? Two milli- 
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grams of antibody added to these cells could have a nonspecific toxic 
effect on them. 

Did you do any experiments in which you added the preincubated 
bacteria with the antibody, washed the cells, and then added the 
bacteria to the cells to see what the TNF production was? 

M. WAYNE FLYE, MD, PHD, St Louis, Mo: You are looking at 
early events in a pretreated animal. If you looked at later changes, 
that is, if you pretreated after the intraperitoneal injection of bacte- 
ria, would there be a diminishing effect? 

Also, you are examining TNF systemically. Have you looked at 
regional changes to get some idea where the TNF is coming from? 
Can you postulate what specific cells are involved? Have you exam- 
ined parallel cytokines, particularly IL-1, which could be very impor- 
tant in this setting?. 

DR MAYORAL: Dr Solomkin, the volume of each treatment sub- 
stance used was kept constant at 0.5 mL per animal. We chose this 
volume so that all treatment substances would be adequately dis- 
solved and to avoid overhydration. We also kept the volume of the 
bacterial inoculum constant in each animal group, and, although no 
resuscitative efforts were made, the animals were not denied food or 
water. 

We have not looked at B-lactam antibiotics specifically. We plan to 
do studies looking at the infected hosts, treating them with appropri- 
ate antibiotics and then measuring the endotoxin levels and subse- 
quent TNF levels in response to the endotoxin release. 

I agree with your interpretation of the data with regard to the 
possibility of higher levels of TNF than were actually measured by 
the L-929 bioassay in the serum samples, but the data do demonstrate 
significant differences between the treatment groups. The bioassay 
is standardized with appropriate controls, and I agree that there may 
be variability from laboratory to laboratory. 

Dr Miller, we did use a polyclonal antibody against murine TNF for 
control purposes, and complete neutralization was accomplished. We 
may not have achieved complete neutralization if we had used a 
monoclonal antibody preparation, if one had been available at the 
time of these experiments. 

I do believe the macrophage is the main cell that produces TNF, but 
in the in vivo system I believe there are other cells producing TNF, 
although in lower quantities. 

Dr F'lye, we administered the antibody prior to the LPS stimulus to 
see if, in fact, TNF production could be inhibited. We did not measure 
TNF levels when anti-LPS antibody is administered after LPS ad- 
ministration. This is an interesting experiment, and it should be done 
to determine whether macrophage TNF production can be arrested 
after being stimulated. 

We did not combine the antibody with the bacteria and then give it 
back to the host. This is another interesting experiment that should 
be done. 

We did not look at treatment after a lethal challenge. We only 
looked at pretreatment. Our initial purpose was to completely abro- 
gate TNF production. However, as the data demonstrated, we were 
not able to accomplish this. One may hypothesize that low levels of 
TNF may enhance the immune system, so complete TNF abrogation 
may not be necessary for host survival, as was previously thought. 

In response to your question about which cells produce TNF in the 
in vivo system, I believe the macrophage is the most important TNF- 
producing cell; one must remember that large quantities of macro- 
phages are found in several organ systems, such as the liver, lung, 
and peritoneum. These cells are the first cells to recognize bacterial 
invasion, so it makes sense that they are the first cells to be activated 
and to release TNF, enhancing the immune system. Furthermore, 
from these experiments one can postulate that there may be a critical 
TNF level, and, once that level is reached, surpassed toxicity may 
occur. 
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Elevated Tumor Necrosis Factor, Production 


Concomitant to Elevated Prostaglandin E» 


Production by Trauma Patients’ Monocytes 


Thomas K. Takayama, MD; Carol Miller, PhD; Gyongyi Szabo, MD 


e The level of tumor necrosis factor, (TNF,), a monokine impli- 
cated in mediating septic shock, is elevated in the blood of some 
patients with sepsis. Monocytes from 11 trauma patients and 11 
burn patients were suboptimally stimulated with interferon gam- 
ma and muramyl dipeptide, an analogue of bacterial wall prod- 
ucts. The patients with sepsis showed significantly greater total 
TNF, levels (secreted in combination with cell-associated) 3 days 
before septic episodes, as compared with normal controls (32.38 
to 2231.76 ng/10° monocytes per milliliter, median = 121.03 ng/10° 
monocytes per milliliter; normal control: 0.00 to 18.20 ng/10° 
monocytes per milliliter, median=5.93 ng/10° monocytes per 
milliliter). Increases in patients’ total monocyte TNF, levels great- 
er than 30 ng/10° monocytes per milliliter correlated with septic 
episodes. In patients with sepsis, the total monocyte TNF, levels 
were increased despite a concomitant increase in their prosta- 
glandin E, levels in both stimulated (interferon gamma plus mur- 
amyl dipeptide) and unstimulated in vitro assays (9 patients: 
stimulated prostaglandin E, range, 30.1 to 123.6 ng/1 0° mono- 
cytes per milliliter). Massively elevated monocyte TNF, and pros- 
taglandin E, production occurred simultaneously in patients with 
sepsis. 

(Arch Surg. 1990;125:29-35) 


dy umor necrosis factor, (TNF „, or cachectin, is a monokine 
implicated in mediating septic shock and metabolic de- 
rangement.'* In animal studies, the use of anti-cachec- 
tin/TNF, monoclonal antibody prevented septic shock during 
lethal bacteremia.’ Patients with severe injuries or extensive 
burns have been shown to have elevated serum TNF, levels, 
and the level of serum TNF, correlated with the severity of 
injury, as well as the development of septic shock.* This 
increase in serum TNF, production appears to be a contribut- 
ing factor in the development of postinjury septic complica- 


Accepted for publication September 11, 1989. 

From the Departments of Surgery (Drs Takayama, Miller, and Szabo) and 
Molecular Geneties and Microbiology (Drs Miller and Szabo), University of 
Massachusetts Medical Center, Worcester. 

Read before the Ninth Annual Meeting of the Surgical Infection Society, 
Denver, Colo, April 13, 1989. 

Reprint requests to Division of Research, Department of Surgery, Universi- 
ty of Massachusetts Medical Center, 55 Lake Ave N, Worcester, MA 01655 (Dr 
Miller). 


Arch Surg—Vol 125, January 1990 


tions. Although monocytes are the primary source of TNF,, 
aberrant production of TNF, by trauma patients’ or burn 
patients’ monocytes has only recently been investigated.’ 
Elevation of monocyte TNF, levels after trauma seems to be 
somewhat of an anomaly since increased production of prosta- 
glandin E, (PGE,) is also documented as one of the aberrant 
functions of posttrauma monocytes.” High levels of PGE, 
have been shown to downregulate lipopolysaccharide-in- 
duced, monocyte TNF, production at the messenger RNA 
(mRNA) level.’ Since PGE, only downregulates ongoing 
monocyte TNF, synthesis, the rise in TNF, levels is downre- 
gulated as monocyte PGE, production is stimulated. 

Several mechanisms might account for the increased serum 
TNF, levels seen in injured patients with elevated monocyte 
PGE, production: (1) the source of elevated serum TNF, 
levels may not be the monocytes (ie, fibroblasts); (2) aberrant 
posttrauma monocytes may produce more TNF, in response 
to certain stimuli, such as bacterial products, before PGE, 
levels rise; and (3) it has been suggested that massively 
stimulated monocytes may produce TNF, in a cell-associated 
form." This long-lived form of TNF, might be produced 
before high levels of PGE, occur and, unlike secreted TNF „ 
may persist in the cell. In this study, TNF, production by the 
patients’ monocytes was measured at various postinjury peri- 
ods between days 1 and 30 after injury. The patients’ mono- 
cyte TNF, levels were correlated to the increasing levels of 
the patients’ monocyte PGE,. 

Since trauma might alter monocyte sensitivity to stimuli, 
such as bacterial cell products, we examined the response of 
patients’ and normal controls’ monocytes to suboptimal stim- 
ulation with interferon gamma and muramyl dipeptide 
(MDP). To characterize the possibility of a selective increase 
in cell-associated, monocyte TNF, levels in patients, we mea- 
sured the level of TNF, in sonicated monocytes from trauma 
patients and burn patients. Elevated PGE, production by 
immunosuppressed trauma patients’ monocytes has been re- 
peatedly documented.** We have now examined the relation 
between the rise of PGE, production and the increase in total 
(secreted plus cell-associated) TNF, in these patients’ mono- 
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cytes. In addition, patients’ monocyte TNF, levels have been 
correlated to the patients’ clinical course. 


PATIENTS AND METHODS 
Patient Population 


A total of 22 patients who were admitted to the University of 
Massachusetts Medical Center Trauma Unit, Worcester, and 
Worcester (Mass) City Hospital Burn Unit between February 22, 
1988 and March 14, 1989 were assessed. This included 11 burn pa- 
tients with greater than 20% total body surface area burns and 11 
patients with major trauma (injury severity score, >13). The ages 
ranged from 21 to 83 years; the average age was 37 years. There were 
16 men and 6 women. The 26 controls consisted of professional and 
clerical staff at the University of Massachusetts Medical Center. 
Informed consent was obtained from all patients and controls. 


Functional Assays 


Patients and controls’ monocytes were isolated from Ficoll-Hypa- 
que-—purified mononuclear cell preparations as previously described, 
and these monocytes were cultured for 24 hours in 1640 RPMI 
(MediaTech, Inc, Herndon, Va) medium that was supplemented with 
15% fetal bovine serum, 2% L-glutamine, 1% sodium pyruvate, 1% 
nonessential amino acids, 1% amphotericin B (Fungizone), 50 000 U/L 
of penicillin, and 1% gentamicin. 

Human recombinant interferon gamma (10 to 20 U/mL, Genzyme, 
Boston, Mass) was used as a suboptimal monocyte-priming stimulus, 
followed 4 hours later by 20 mg/L of MDP (des-methyl-N-acetyl- 
muramyl-L-alanyl-D-isoglutamine) to stimulate production of TNF... 
Monocyte supernates and cells, freeze-thawed three times and soni- 
cated, were measured for TNF, levels by using the murine L-M 
connective tissue cell cytotoxic bioassay as previously described.” 
Antibody to recombinant TNF, neutralized completely the TNF, 
activity of both sonicated monocytes and supernates. The levels of 
immunoreactive PGE, in the supernates of monocyte cultures were 
measured by an enzyme-linked immunosorbent assay (Cayman 
Chemical Co, Ann Arbor, Mich). 


Statistical Analyses 


The levels of monocyte monokine production may vary from indi- 
vidual to individual, with some high and some low responders. Conse- 
quently, the Wilcoxon signed-rank and Mann-Whitney U nonpara- 
metric statistics were used when appropriate to compare changes in 
monocyte responses after interferon gamma and MDP stimulation. 


RESULTS 
Examination of TNF, 


The induced TNF, levels were examined in patients’ mono- 
cyte supernates. To determine if a previously described ele- 
vation in serum TNF, levels was produced by patients’ mono- 
cytes, we examined TNF, release by stimulated monocytes 
from patients with major trauma or burns at a variety of 
postinjury time periods. Patients’ monocytes were stimu- 
lated with 10 to 20 U/mL of interferon gamma plus 20 mg/L of 
MDP; monocyte TNF, levels were assessed in the supernates 
(secreted TNF), and these levels were compared with their 
matched normal controls. Seventeen of 22 patients had clini- 
cally documented septic episodes. Monocyte supernates, col- 
lected from 5 of the 17 patients, had secreted TNF, levels that 
were far greater than the maximum TNF, levels that were 
measured in similarly stimulated normal monocyte super- 
nates. Figure 1 (at left) illustrates 1 representative patient of 
these 5. These 5 patients had either fatal sepsis (2 of 5) or 
repeated episodes of sepsis. In all of the 17 patients who 
experienced septic episodes, suboptimally stimulated mono- 
cytes secreted TNF, levels that were greater than those of 
the matched normal controls (P<.03). However, the majority 
(12 of 17) of the patients’ monocyte TNF, levels were still 
within or near the range of normal monocytes’ secreted TNF, 
levels. Figure 1 (at right) illustrates 1 representative patient 
of these 12. 
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Fig 1.—At left, Significantly increased secreted tumor necrosis factor, 
(TNF) in monocytes from patients with sepsis (open circles) and 
controls (closed circles) after stimulation (10 to 20 U/mL of interferon 
gamma [IFN-y] plus 20 mg/L of muramyl dipeptide [MDP]); one repre- 
sentative patient of five with greatly elevated TNF, levels. Maximum 
and median TNF, levels of stimulated monocyte controls (far right 
axis). At right, One representative patient of 12 with TNF, levels near 
or within normal range; maximum and minimum TNF, levels of all 
controls’ stimulated monocytes (far right axis). 


Detection of Elevated Cell-Associated TNF, 


Elevated cell-associated TNF, levels were detected in pa- 
tients’ monocytes before sepsis. Since a cell-associated form 
of TNF, has been described, it was possible that the secreted 
TNF, detected in patients’ monocyte supernates did not re- 
flect their actual monocyte TNF, production capacity.” 
Cell-associated, monocyte TNF, has not been easily detect- 
able in the normal monocyte population. However, patients’ 
monocytes, stimulated with interferon gamma plus MDP, had 
massively elevated cell-associated TNF, levels during septic 
episodes, as well as 3 days before sepsis. Of the 17 patients 
with septic episodes, 14 were sampled frequently at both 
early (<4 days) and later postinjury periods. The patients’ 
elevated cell-associated, monocyte TNF, levels were far 
above the levels of normal controls (P<.001). The total TNF, 
activity (secreted plus cell-associated TNF.) was completely 
neutralized by antibody to recombinant TNF,. The TNF, 
levels of patients’ stimulated monocytes, collected at days 1 
through 4 after injury, were compared with the levels of 
monocytes, collected at greater than 5 days after injury. 
Three separate patterns of monocyte TNF, production ap- 
peared in the 14 patients for whom we had multiple postinjury 
samples. Six of the 14 patients had near-normal levels of total 
TNF, at days 1 through 3 after injury. Later, in their postin- 
jury period, at 1 through 3 days before sepsis, these patients’ 
monocytes showed a massive elevation in the total TNF, 
levels. Three of 14 patients had moderately increased levels of 
total monocyte TNF, that appeared during the first 4 days 
after injury and corresponded to their early febrile episodes. 
Subsequently, at 1 through 3 days before sepsis, these pa- 
tients’ monocytes had another elevation in their total TNF, 
levels. Finally, 5 of 14 patients’ monocytes had a massive 
elevation in their total monocyte TNF, levels during days 1 
through 4 after injury. This early TNF, elevation correlated 
with severe injury (injury severity score, >36). These pa- 
tients’ monocytes had a subsequent decrease in their total 
monocyte TNF, levels during 5 through 10 days after injury. 
This decrease in monocyte TNF, levels corresponded to clini- 
cal improvement. However, during later preseptic periods, 
these patients’ monocytes showed another massive elevation 
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Fig 2.—Stimulated (interferon gamma plus muramyl dipeptide) mono- 
cyte cell-associated (open bars) and monocyte (closed bars) tumor 
necrosis factor, (TNF,) levels of representative patients with sepsis, 
as well as controls, at several postinjury days. One patient illustrating 
each of the three patterns of TNF, activity seen (low initial, high 
preseptic TNF: 6 of 14; moderate initial, moderate preseptic: 3 of 14; 
and high initial, high preseptic: 5 of 14) are shown. 


in their total monocyte TNF, levels. Figure 2 illustrates 3 
representative patients who exhibited each of these three 
patterns. At preseptic periods, monocytes from all 14 pa- 
tients showed a significant elevation in stimulated total TNF’, 
levels over any corresponding levels produced during their 
- nonseptic periods (P<.001). These elevations in monocyte 
TNF, levels were significantly greater than any variation 
within normal control populations (P<.001). These 14 pa- 
tients’ monocytes also had elevated monocyte TNF, levels 
even in the absence of any in vitro stimulation, indicating that 
the posttrauma preseptic microenvironment was highly stim- 
ulatory. Figure 3 represents 3 of these patients’ total mono- 
cyte TNF, levels after isolation but without any in vitro 
stimulation. Monocyte secreted TNF, levels were always 
negligible without in vitro stimulation. At preseptic periods, 
all 14 patients’ monocytes without in vitro stimulation showed 
a significant increase in their monocyte TNF, production 
compared with their corresponding levels produced during 
the nonseptic periods (P<.001). These elevations in total 
TNF, levels of monocytes without in vitro stimulation were 
also significantly greater than any variation within normal 
control populations (P<.001). 


Correlation of Elevated Monocyte TNF, 
and Elevated Monocyte PGE, 


The increased monocyte PGE, levels, characteristic of im- 
munosuppressed trauma patients, might be expected to 
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Fig 3.—Preexisting elevated levels of cell-associated (open bars) but 
not secreted (closed bars) monocyte tumor necrosis factor, (TNF) in 3 
representative patients of 17 with sepsis without in vitro stimulation. 
Cell-associated TNF, levels in normal, unstimulated monocytes equal 
zero. 


downregulate monocyte TNF, mRNA expression.’ Patients’ 
monocyte PGE, release was examined concomitantly with 
monocyte TNF, production, both with and without in vitro 
stimulation at a variety of postinjury time periods. We were 
unable to discern any relationship between increases in pa- 
tients’ monocyte PGE, and increases or decreases in patients 
monocyte TNF, when examining the unstimulated mono- 
cytes from the 14 patients for whom we had multiple postin- 
jury samples. Unstimulated total monocyte TNF’, data, from 
several representative patients’ monocytes in whom sepsis 
developed and who had elevated monocyte PGE, levels, are 
shown in Fig 4. Figure 4 illustrates the postinjury time course 
of the rise in total monocyte TNF’, and monocyte PGE, levels 
without in vitro stimulation. The high concentration of PGE, 
did not appear to downregulate the elevated total monocyte 
TNF, levels in these patients. To evaluate further the effect 
of elevation in monocyte PGE, on new synthesis of TNF, in 
these patients’ monocytes, the monocytes from patients and 
normal controls were stimulated with interferon gamma plus 
MDP. In patients’ monocytes with high PGE, levels, the 
interferon gamma plus MDP stimulation resulted in even 
greater increases in total monocyte TNF, levels despite the 
concomitant greater release of monocyte PGE, (PGE, range, 
30.16 to 123.6 ng/10° monocytes per milliliter; Fig 5). The 
majority of these patients’ monocyte PGE, levels were well 
above the range of 30 ng/10° monocytes per milliliter that we 
had previously shown as immunosuppressive for monocyte 
plasminogen activator production." These data suggest that 
the elevated PGE, production is not downregulating newly 
synthesized monocyte TNF.. 

We wished to test further whether new TNF, could be 
produced simultaneously to the stimulation of PGE, produc- 
tion. Although monocyte TNF, cannot be stimulated by MDP 
in a normal population, we noticed that patients monocytes 
were producing increased TNF, with only MDP stimulation. 
Monocytes from seven patients with elevated monocyte PGE, 
levels were stimulated with MDP alone. In six of these seven 
experiments, patients’ total monocyte TNF, levels were in- 
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Fig 4.—Comparison of the time course of the rise in unstimulated 
monocyte prostaglandin E, (closed circles) in patients with sepsis 
(n=9) with the unstimulated appearance of patients’ high levels of 
total monocyte tumor necrosis factor, (TNF) (cell-associated plus 
monocyte TNF,; open circles). Normal unstimulated TNF, levels 
equals 0 to 1 ng/10° monocytes per milliliter. 


creased in the face of concomitant MDP-stimulated elevation 
in monocyte PGE, production (PGE, range, 41.35 to 75.29 
ng/10° monocytes per milliter; Fig 5, at left). These increases 
in monocyte TNF, and monocyte PGE, levels indicated that 
the patients’ monocytes could be stimulated by MDP to in- 
crease both their TNF, production and their PGE, release 
simultaneously. This suggested both a preactivation of mono- 
cytes in patients with sepsis and also supported the finding 
that newly synthesized TNF, can be induced concomitantly to 
the induction of PGE.. 


Correlation of Elevated Monocyte TNF, Levels 
With Clinical Course in Patients 


The peak elevation in total monocyte TNF, levels of pa- 
tients correlated with septic episodes as early as 3 days before 
overt sepsis (Table). Patients in whom sepsis did not develop 
had total TNF, levels well below the levels of most patients 
with septic complications. Patients (n=3) who had massively 
elevated total TNF, (>180 ng/10° monocytes per milliliter) 
during days 1 through 8 after injury had 100% mortality. 
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COMMENT 


These data demonstrate that monocytes from immunosup- 
pressed patients with trauma or burns have an aberrant 
increased production of TNF,. Although the TNF, levels 
increased in the supernates of monocytes from patients (se- 
creted TNF) as compared with monocytes from normal con- 
trols, it was the cell-associated TNF, levels (TNF, in patients’ 
sonicated monocytes) that were most massively elevated. 
Elevated monocyte TNF, levels in patients were demon- 
strated despite a concomitant rise in PGE, levels. The in- 
crease in patients’ monocyte TNF, levels correlated with the 
patients’ septic episodes. 

After suboptimal in vitro stimulation with interferon gam- 
ma plus MDP, there was a significant increase in the secretion 
of TNF, from patients’ monocytes as early as 3 days before the 
onset of overt sepsis (P<.03). The increased TNF, production 
could reflect either an increased monocyte sensitivity to stim- 
uli or an in vivo preactivation of monocytes. Although mono- 
cytes from patients with sepsis had an elevated secretion of 
TNF, it was the cell-associated form of monocyte TNF, that 
was most massively elevated (P<.001 vs that in normal con- 
trols). This high level of cell-associated, monocyte TNF, was 
an unexpected finding since our laboratory, as well as others, 
have been unable to detect significant cell-associated TNF, in 
stimulated normal monocyte populations. Our TNF -anti- 
body neutralization experiments verified that the cell-associ- 
ated TNF, activity must be mediated by monocyte TNF... In 
other published experiments, we have shown that maximally 
stimulated patients’ monocytes secreted a large portion of 
their cell-associated TNF .* The massively increased cell- 
associated, monocyte TNF, production in patients may be a 
major contributor to the rise in the serum TNF, level in 
the severely injured patient. Isolated monocytes from se- 
verely injured patients without any in vitro stimulation also 
exhibited massively elevated levels of cell-associated but not 
secreted TNF. These cell-associated, monocyte TNF, levels 
were far above and beyond levels produced by normal mono- 
cytes even after interferon gamma plus MDP stimulation. 
These data imply a preactivation in vivo of the monocytes in 
trauma patients with sepsis. 

There is ample evidence implying that monocytes from 
patients with sepsis and severe injuries may be prestimu- 
lated. Recently, the immune complex stimulation of mono- 
cytes through their Fc receptor has been shown to result in 
the rapid secretion of TNF.” This laboratory has demon- 
strated a marked increase in the proportion of the subset of 
monocytes bearing the FcRI (type I 72-kd) receptor in im- 
munocompromised trauma patients.” Therefore, stimulation 
through the monocyte Fe receptor by circulating immune 
complexes may increase the production of TNF, in trauma 
patients with increased numbers of FcRI-positive mono- 
cytes. Additionally, both cobra venom factor-generated com- 
plement split products and C-reactive protein also have been 
demonstrated to stimulate monocyte production of TNF,."* 
Consequently, these trauma-induced alterations in mediator 
release could contribute to the increase in production of mono- 
cyte TNF, in combination with shifts in patients’ monocyte 
subsets. 

Total TNF, (secreted plus cell-associated) levels might be 
expected to decrease at some period after trauma since the 
elevation in monocyte PGE, production has been repeatedly 
documented in immunosuppressed patients.” Prostaglandin 
E, downregulates lipopolysaccharide-induced, monocyte 
TNF, at the mRNA level.” Consequently, both secreted and 
cell-associated, monocyte TNF, should be downregulated by 
PGE,. In previous studies, the kinetics of TNF, release 
showed that murine peritoneal monocytes, stimulated with 
lipopolysaccharide, had a rapid increase in secreted TNF, 
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Fig 5.—At left, Three representative trauma patients with sepsis of six of seven with concomitantly elevated production of 
monocyte prostaglandin E, (closed bars) and newly synthesized monocyte total tumor necrosis factor, (TNF,) (shaded 
bars) after 20 mg/L of muramyl dipeptide (MDP) stimulation alone in six of seven trauma patients with sepsis. At right, 
Elevated monocyte prostaglandin E, (closed bars) and total TNF, (cell-associated plus secreted TNF; shaded bars) in 
monocytes from three representative patients of nine trauma patients with sepsis after stimulation (10 to 20 U/mL of 
interferon gamma [IFN-y] plus 20 mg/L of MDP). Control maximum (total bar), as well as median (cross line), are indicated. 


production, followed by a rise in PGE, levels. This later rise in 
PGE, levels was concomitant to a decrease in TNF,.” The 
exact threshold level of monocyte PGE, at which human 
monocyte TNF, would begin to decrease has not been de- 
fined. Recently, investigators also have shown that moderate 
concentrations of PGE, can actually increase the production of 
TNF.“ These recent data may suggest a partial explanation 
for our observation that increased TNF, production by pa- 
tients’ monocytes can occur concomitantly to elevated PGE, 
levels. Patients’ monocytes may have increased TNF, pro- 
duction if their elevation of PGE, levels has not reached the 
threshold level necessary to downregulate their TNF, syn- 
thesis. In our study, however, several patients’ monocytes 
produced greatly increased levels of total TNF, despite a 
massive rise in their monocyte PGE, levels (>50 ng/10° mono- 
cytes per milliliter). These patients’ monocyte PGE, levels 
rose to above what was shown to be downregulating secreted 
TNF, in the murine studies.” Our data, therefore, suggest 
that the elevation in the PGE, levels is not downregulating 
patients’ monocyte TNF, production. 

The postinjury time course study of many patients’ mono- 
cytes without in vitro stimulation showed no relation between 
the rise or fall in total monocyte TNF, levels and elevated 
monocyte PGE, levels. In some cases, total monocyte TNF, 
levels often rose in the face of an increase in PGE, levels, while 
in other cases, the levels declined concomitantly with a de- 
crease in PGE, levels. In other cases, the levels of total TNF, 
increased or decreased, while PGE, levels remained the 
same. Since secreted TNF, levels of patients’ monocytes 
without in vitro stimulation were always negligible, the pa- 
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tients’ elevated total monocyte TNF, levels represented pre- 
dominantly preexisting cell-associated TNF. There is a sec- 
ond possible explanation for the increase in patients’ 
monocyte TNF, levels concomitant with elevated monocyte 
PGE, levels, ie, the increased monocyte TNF, levels in 
patients may represent already synthesized cell-associated 
TNF, that cannot be affected by a subsequent rise in PGE, 
levels. However, when these patients’ monocytes were stim- 
ulated in vitro with interferon gamma, plus MDP, there was a 
further increase in both secreted and cell-associated TNF, 
production in the face of even higher leyels of PGE, (>80 
ng/10° monocytes per milliliter). The stimulation of new TNF, 
synthesis by the patients’ monocytes was not therefore down- 
regulated by a concomitant production of monocyte PGE,. 
These data also suggest that in the face of high PGE, levels, 
preexisting cell-associated TNF, is not the sole source of the 
patients’ elevated total monocyte TNF, levels. In addition, 
since MDP alone induced both increased total levels of mono- 
cyte TNF, and increased levels of PGE,, it is apparent that in 
vivo prestimulated, monocyte TNF’, production in patients is 
resistant to downregulation by in vitro stimulated increases 
in PGE, production. 

There is another possible explanation for these data show- 
ing increasing monocyte TNF, activity simultaneously to 
highly elevated PGE, production. In recent experiments, 
Pace and Russel” showed that interferon gamma blocks the 
downregulation of monocyte TNF, production by PGE,. In 
addition, it has been demonstrated that PGE, blocks TNP, 
mRNA expression by increasing intracellular levels of cyclic 
adenosine monophosphate. Recent experiments have shown 
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Age, y Injury TNF. t Clinical Correlation 
1/21 Trauma 33.28 Staphylococcus aureus pneumonia 
sepsis 
2/21 Burn 39.80 Multiple sepsis 
3/45 Trauma 43.31 Escherichia coli pneumonia sepsis 












4/25 Trauma 47.51 Multiple sepsis 










5/47 Trauma 53.85 Candida sepsis 
6/31 Trauma 57.98 Enterobacter sepsis 
7/24 Burn 64.05 Enterobacter cloacae wound sepsis 





8/35 Burn 
9/39 Trauma 83.65 
10/332 Trauma 121.03 
11/48 Burn 132.28 
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12/54 Burn 134.09 Fatal sepsis 

13/47 Burn 156.97 S aureus wound sepsis 
14/37 Burn 164.03 Candida sepsis 
15/21 Burn 175.69 Wound sepsis 

16/37 Trauma 187.59 Multiple sepsis (fatal) 
17/83 Burn 969.20 Multiple sepsis (fatal) 
18/21 Trauma 2.30 No complications 
19/23 Trauma 8.814 Febrile episode 
20/34 Burn 18.18 Febrile episode 
21/30 Trauma 27.564 Febrile episode 
22/61 Burn 29.66} Febrile episode 








*TNF indicates tumor necrosis factor; unstimulated, no in vitro stimulation of 
isolated monocytes. 

tTotal TNF, (nanograms per 10° monocytes per milliliter) during septic 
episodes (post injury days 3 to 30). Normal unstimulated, 0 to 2.28 ng/10° 
monocytes per milliliter (range); median, O ng/10° monocytes per milliliter. 
Normal stimulated, 0 to 18.20 ng/10° monocytes per milliliter (range); median, 
2.91 ng/10° monocytes per milliliter. Stimulation = 20 U/mL of interferon = y + 20 
mg/L of muramy| dipeptide. 

Maximum total monocyte TNF, of patients without septic episodes. 


that interferon gamma blocks this cyclic adenosine monophos- 
phate downregulation of TNF allowing the expression of 
TNF, mRNA." Since interferon gamma is not normally in- 
creased in trauma patients, there would be other mediators 
involved in the increased production of patients’ monocyte 
TNF, in the face of elevated PGE, levels. Although trauma 
does not increase interferon gamma levels, trauma does in- 
crease other circulating mediators, such as interleukin 6 and 
C-reactive protein, which may directly or indirectly increase 
monocyte TNF, induction.” These trauma-induced media- 
tors, similarly to interferon gamma, also may block the PGE,- 
mediated downregulation of monocyte TNF, synthesis. 
Consequently, trauma-generated mediators may increase 
posttrauma levels of monocyte TNF, despite the elevation of 
PGE, levels. The presence of these mediators in trauma 
patients might therefore explain the rise in TNF, production 
concomitant to the increased PGE, release. In our study, we 
stimulated the monocytes with a suboptimal dose of interfer- 
yn gamma (10 to 20 U/mL). It might be argued that, in some of 
yur experiments, the increased production of the patients’ 
otal monocyte TNF, in the face of their elevated PGE, 
evels, is partially due to the interferon gamma effect de- 
scribed above. However, when monocytes in patients with 
sepsis were stimulated with MDP alone, their total TNF, 
»roduction still increased concomitantly with a rise in PGE, 
evels. Since MDP alone does not stimulate normal monocyte 
CNF, these data also support the concept that monocytes are 
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preactivated by mediators in trauma patients with sepsis. 
The in vitro unstimulated presence of massive levels of cell- 
associated TNF, in monocytes from patients with sepsis also 
supports the possibility that trauma mediators have preacti- 
vated the patients’ monocytes. In addition, these preacti- 
vated patients’ monocytes can be stimulated by MDP alone to 
newly synthesis TNF, in the face of increasing PGE, levels. 

In summary, it appears that patients’ monocytes have mas- 
sively elevated TNF, levels before septic episodes. This 
TNF, is primarily of the cell-associated form. The early post- 
injury (1 through 3 days) appearance of high levels of TNF, 
seems to portend septic mortality. The trauma patients’ with 
sepsis showed increased total (cell-associated plus secreted) 
monocyte TNF, levels occurring concomitantly to massive 
elevation in their monocyte PGE, levels. These data suggest 
that it is not only the preexisting monocyte TNF, that is 
resistant to PGE, downregulation. In these preactivated 
monocytes, new TNF, can be induced concomitantly with the 
induction of PGE,. Monocytes from patients with sepsis al- 
ready were activated to produce cell-associated TNF, with- 
out in vitro stimulation. In addition, monocytes from patients 
with sepsis could respond to MDP stimulation alone. Conse- 
quently, trauma-induced production of mediators may be 
contravening the downregulatory effect of PGE, on TNF, 
mRNA expression, as well as inducing TNF, production. The 
ability of various trauma-induced mediators to affect mono- 
cyte TNF, and PGE, production is being actively investigated 
in this laboratory. 
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Discussion 


STEPHEN Lowry, MD, New York, NY: I would like to address a 
couple of issues. 

First, one issue is that the authors are overly concerned with the 
PGE, mechanism. We need to remember that the PGE, mechanism 
for downregulation of TNF , is much less clearly defined than is the 
one for interleukin 1. Hence, their concerns about concomitant PGE, 
elevations, associated with various forms of TNF production, may be 
a little premature. So, I do not find the data to be necessarily 
inconsistent. 

The second point is that some of the studies from overseas have 
suggested that the circulating form of TNF or, for that matter, any 
other cytokine you wish to measure, correlates with mortality. This is 
clearly an oversimplification and has a low sensitivity when applied in 
clinical practice. I am wondering if the authors have looked at the 
production of other cytokines and what role they believe that synergy 
among various cytokines may be playing in the toxicity that they 
observed clinically. 

Third, I would like them to speculate as to the function of the cell- 
associated form of TNF. You have suggested that this may be a 
precursor for the 17-kd secretory form of TNF. We have been strug- 
gling with the same issue and have identified similar forms of cell- 
associated and circulating TNF. We are not convinced that the cell- 
associated form is, in fact, a precursor for the secretory form of TNF. 
I wonder if you could enlighten us on any data that you have gener- 
ated subsequently about this potential precursor product rela- 
tionship. 

The final point that I would like to ask you about is that you really 
did observe rather massive concentrations of the cell-associated form 
of TNF. If one tried to translate that into the clinical environment or 
in terms of tissue toxicity, I think we would be dealing with massive 
doses of TNF. As a consequence, I wonder if by looking at circulating 
monocytes as a model, you really have generated a sampling error. 
The tissue sites may not be producing it in such high quantities. 

Have you generated other data in tissue-fixed macrophages with 
respect to the induction and quantitation of the cell-associated form of 
TNF? 

I found the study stimulating, and I believe this is going to be an 
area of fruitful research for a number of us in the future. 

Dr AYALA: I think the question, raised to some extent by Dr 
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Lowry, are good ones. Because of recent information concerning 
whether or not cell-associated cytokines, such as interleukin 1, actu- 
ally exists on monocytes, that is now a hotly debated question. In 
view of this, I would like to ask the following question: Could you 
clarify what your methodology was for determining that this was 
indeed membrane or cell-associated TNF as compared with a secre- 
tory form? 

JOHN D. MANNICK, Boston, Mass: I think that this study by the 
University of Massachusetts group is an elegant one that points up 
the obviously important role of the monocyte in TNF production, 
both locally and systemically. 

One of the young investigators in our laboratory has a soon-to-be- 
published observation that shows endotoxin can stimulate human 
circulating polymorphonuclear neutrophil leukocytes to secrete 
TNF; I think these are hard data because of the purity of the cell 
population and the demonstration that the message for TNF, is 
markedly increased with time after the application of the endotoxic 
stimulus in vitro and then fades off again in the absence of a stimulus. 

We will have to assume that since this cell population is prevalent in 
the circulating blood and at sites of inflammation, that we have yet 
another source of TNF to contend with in thinking about this 
problem. 

DAVID L. DUNN, MD, PhD, Minneapolis, Minn: I think that this 
study brings up two important issues as follows: 

1. Which monokines are important in the so-called septic state or 
sepsis itself, and in particular, do they act together in concert some- 
how or perhaps in some concatenation of events? 

2. Do these monokines, in some way, act differently at the local 
level vs the systemic level? 

I would like to propose a possible hypothesis for this in looking, in 
particular, at the data on TNF that have been presented. 

Perhaps TNF in the cell-associated form may be responsible for the 
autocrine effects that we are seeing, in that the actual systemic levels 
that we are looking at are sort of a spillover event and perhaps not the 
central phenomenon. 

I would like to ask the authors specifically whether they have any 
data that would support this hypothesis, or could they comment 
specifically on that? 

JOHN P. HEGGERS, PhD, Galveston, Tex: I have one question 
regarding your exorbitant levels of PGE,. Are you sure you were 
measuring an extracellular production, or is it a collective intracellu- 
lar and extracellular production, since you make no mention of any 
antiprostanoid inhibitor used to prevent this extra spillage? 

DR TAKAYAMA: First, as to looking at other cytokines produced by 
monocytes in these patients with trauma and burns, we are currently 
looking at levels of interleukin 6 and also levels of transforming 
growth factor,, and our preliminary results seem to show that these 
cytokines are both increased. 

As to the significance of cell-associated TNF and whether it is, in 
fact, a precursor form of secreted TNF, we have seen small amounts 
of cell-associated TNF in normal monocytes. We also have seen a type 
of redistribution of the amounts of patients’ cell-associated TNF after 
MDP stimulation. Patients cell-associated, monocyte TNF’, seems to 
redistribute into the secreted component after more optimal 
stimulation. 

As to tissue monocytes or monocytes found at the tissue level, we 
have not looked at this in our laboratory. 

Dr Mannick did mention polymorphonuclear neutrophil leukocytes 
as a possible source of TNF. In our study, we looked at the purity of 
our monocytes by using OKM-5 and found that with our technique our 
monocytes were greater than 95% pure. 

As to the question regarding local vs systemic effects of monocyte 
TNF, we have not done experiments to look further at this. 
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Kupffer Cell Blockade Increases Mortality 


During Intra-abdominal Sepsis Despite 


Improving Systemic Immunity 


Mark P. Callery, MD; Takafumi Kamei, MD; M. Wayne Flye, MD, PhD 


è The effect of Kupffer cell (KC) blockade on systemic immuni- 
ty during intra-abdominal sepsis was evaluated. Gadolinium 
chloride, a rare earth metal, reduced KC phagocytosis by 75% 
when it was given to BALB/c mice for 2 days. Thereafter, control 
mice and mice with KC blockade underwent either a sham opera- 
tion or a cecal ligation and puncture. As indicators of systemic 
cell-mediated immunity, delayed-type hypersensitivity respons- 
es to soluble antigen and cellular alloantigen were measured 24 
hours after the abdominal operations. The activation of KCs was 
assessed by their in vitro interleukin 1 production. Control septic 
mice were profoundly immunosuppressed and demonstrated 
marked KC activation. Septic mice with KC blockade, however, 
demonstrated less systemic immune hyporesponsiveness and 
significantly reduced KC activation, but died more rapidly. We 
concluded that despite apparent improvement in systemic im- 
munity by KC blockade during intra-abdominal sepsis, the result- 
ing impairment in functional phagocytic integrity predisposes to 
significantly higher mortality. 

(Arch Surg. 1990;125:36-41) 


BAX though activated hepatic Kupffer’s cells (KCs) may be 
advantageous in clearing pathogens and endotoxin de- 
rived from the gastrointestinal tract, they also may jeopar- 
dize the well-being of the septic host by suppressing systemic 
immunity.*” The clinical relevance of this physiologic paradox 
is amplified as older and sicker patients increasingly encoun- 
ter sepsis and its immunologic sequelae as critical surgical 
care advances.’ 

Despite their large numbers and strategic location in the 
portal venous drainage, the role of KCs as immunocompetent 
macrophages previously has been underestimated.’ Recent- 
ly, however, demonstration of class II (Ia) antigen expres- 
sion’ and functional antigen presentation by KCs*"” has more 
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clearly defined their importance as immunoregulatory macro- 
phages. Perhaps of equal importance is the propensity of KCs 
to produce powerful soluble immunologic mediators, includ- 
ing prostaglandin E,," interleukin 1 (IL-1), and tumor necro- 
sis factor-a,” following an encounter with an antigen or endo- 
toxin. Although these scavenging macrophages are equipped 
to orchestrate host defense and immunity, the degrees by 
which they initiate, regulate, or terminate systemic immune 
responses remain unclear. 

Border" has hypothesized that the blunted immune re- 
sponse in sepsis may result from the progressive activation of 
tissue macrophages, and has stressed the potential impact of 
KCs in this phenomenon. In this study, we have evaluated the 
effect of KC phagocytic blockade on KC activation and sys- 
temic immunoreactivity in a clinically relevant model of intra- 
abdominal sepsis. | 


MATERIALS AND METHODS 
Animals 


Female BALB/c (H-2"), C57BL/6 (H-2”), and C3H/HeJ (H-2*) mice 
(Jackson Laboratories, Indianapolis, Ind), weighing 21 to 24 g at 7 to 
10 weeks of age, were used, and the mice were cared for according to 
specific guidelines of the National Institutes of Health, Bethesda, 
Md. 


KC Blockade 


Figure 1 is a schematic of our experimental design. Gadolinium 
chloride (GdCl,) (Aldrich Chemicals, Milwaukee, Wis), a rare earth 
metal known to inhibit the attachment phase of KC phagocytosis,” 
was dissolved in saline solution and given intravenously (7 mg/kg, 
100 uL) on days —2 and —1 to GdCl,-treated mice. Control mice 
received saline solution only. The KC blockade was quantitated on 
day 0 as the degree of inhibition of the cells’ phagocytosis of chromi- 
um-labeled sheep erythrocytes. “° 


Operative Procedures 


A sham operation or cecal ligation and puncture (CLP) was per- 
formed on day 0 in GdCl,-treated (n= 18) and saline-treated (n= 18) 
mice, and subsequent mortality was assessed at 12-hour intervals. 
Following anesthesia (intraperitoneal pentobarbital sodium, 70 
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Fig 1.— Experimental design. Control mice and mice with Kupffer cell 
(KC) blockade underwent sham or cecal ligation and puncture (CLP) 
abdominal operations on day 0. Thereafter, mortality, systemic immu- 
noreactivity, and KC activation were compared. DTH indicates de- 
layed-type hypersensitivity; GdCl,, gadolinium chloride; IV, intrave- 
nously; IL-1, interleukin 1; and LPS, lipopolysaccharide. 


mg/kg), the cecum was exposed through a 2-em lower midline abdomi- 
nal incision, ligated at the base in a nonobstructing fashion with a 3-0 
suture, and twice perforated with a 21-gauge needle. After a small 
amount of feces was expressed, the cecum was returned to the 
abdomen, and the wound was closed with a continuous 4-0 nylon 
suture. A sham operation (n= 10 per group) consisted of a laparoto- 
my, gentle manipulation of the cecum, and abdominal closure. At 
operation, all mice were given 1 mL of 0.9% saline solution subcutane- 
ously as fluid resuscitation. Other mice underwent identical opera- 
tions in preparation for the following immunologic studies. 


Delayed-Type Hypersensitivity (DTH)-Soluble Antigen 


Mice were immunized subcutaneously (100 pL) with 100 pg of 
grade V ovalbumin (Sigma Chemical Co, St Louis, Mo) that was 
admixed in complete Freund’s adjuvant. Seven days later, DTH 
challenges were given immediately before the sham or CLP operation 
by footpad injections with 30 uL of 30% heat-aggregated ovalbumin” 
or irrelevant antigen (sheep red blood cells). The resulting antigen- 
specific DTH responses were determined in a blinded fashion 24 
hours later by measuring the increment in footpad thickness by using 
an engineer’s micrometer (Ralmike’s, South Plainfield, NJ). 


DTH-Cellular Alloantigen 


Allogeneic spleen cell suspensions were prepared by passage 
through a stainless steel mesh, lysis of erythrocytes with TRIS- 
ammonium chloride, and three washings in RPMI media. The 5 x 10° 
C57BL/6 (H-2") spleen cells in 200 uL of RPMI media were used for 
immunization of BALB/c (H-2") mice. Seven days later, DTH chal- 
lenges were given immediately before the sham or CLP operation by 
footpad injections of 1 x 10’ C57BL/6 (H-2°) or third-party C3H/He 
spleen cells in 25 pL of RPMI media. Allospecific DTH responses 
were measured after 24 hours by footpad swelling. 


KC Isolation and Purification 


Twenty-four hours after the sham or CLP operation, both GdCl,- 
and saline-treated mice were killed, and KCs were harvested. Fol- 
lowing exsanguination by in situ perfusion via the portal vein with 
RPMI 1640 media, livers were dissected free and passed through 50- 
um mesh stainless steel screens into RPMI 1640 media that contained 
1% HEPES buffer, 1% penicillin/streptomycin, and 50 mg/L of genta- 
micin sulfate. Following centrifugation at 500g for 10 minutes (4°C), 
the pellet was resuspended in 30 mL of antibiotic-supplemented 
Hanks’ balanced salt solution that contained 0.01% collagenase (type 
I, 240 U/mg, Worthington Biochemicals, Freehold, NJ), 0.001% de- 
oxyribonuclease (type I, 600 U/mg, Sigma Chemical Co), and 1 
mmol/L of calcium chloride and incubated for 45 minutes in a 37°C 
rocking water bath. Following differential centrifugations (50g for 2 
minutes) to sediment hepatocytes, a nonparenchymal cell-enriched 
pellet was obtained by centrifugation at 500g for 10 minutes, washed 
twice, and resuspended in antibiotic-supplemented RPMI 1640 media 
that contained 10% fetal calf serum (low endotoxin, Gibco, Grand 
Island, NY). After 3 hours of incubation at 37°C in 100-mm plastic 
Petri dishes (Costar,’Cambridge, Mass), nonadherent cells were 
removed by three successive washes with warm media. Adherent 
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Fig 2.—Inhibition of Kupffer cell phagocytosis by gadolinium chloride 
(GdCl,) therapy (7 mg/kg), which reduced Kupffer cell phagocytosis by 
72% when given intravenously to BALB/c mice for 2 successive days. 
Asterisk indicates P<.001. 


Saline Solution—Treated Mice 


cells that phagocytosed Congo red-stained yeast and 0.8-4m latex 
beads (Sigma Chemical Co) are hereafter referred to as KCs. After 30 
minutes at 4°C, KCs were liberated from the plastic dishes by vigor- 
ous pipetting, washed, and counted. The yield averaged 1.5 to 
3.0 x 10° KCs per liver with a viability greater than 90% (trypan blue 
exclusion) in both control mice and mice with KC blockade. 


KC IL-1 Production 


The 5 x 10° KCs per well in 1 mL of 10% fetal calf serum-supple- 
mented media were cultured in triplicate for 24 hours in 10 x 16-mm 
wells (Costar), with or without 1 mg/L of lipopolysaccharide (Escheri- 
chia coli type 0111:B4, Difco Laboratories, Detroit, Mich). Superna- 
tant IL-1 activities were assayed by using the D10.G4.1 T-cell clone, 
which proliferates in a dose-dependent manner to IL-1 when it is 
cultured in the presence of 2.5 mg/L of concanavalin A. They were 
compared with a reference titration of the soluble IL-1 standard. 


Statistical Analysis 


Survival frequencies were compared by x analysis. Normally 
distributed data were compared by using the Student's ¢ test, and 
nonparametric data were compared by the Wilcoxon rank-sum test, 


RESULTS 
Degree of KC Phagocytic Blockade 


No adverse effects were noted in any mice treated with 
GdCl,. The 72% reduction in in vivo KC phagocytosis of 
chromium-labeled sheep red blood cells, measured (Fig 2) 
after 2 days of treatment, was consistent with the depressed 
in vitro yeast and latex bead uptake for KC blockade—adher- 
ent KCs (32%) as compared with control-adherent KCs (90%). 


Cumulative Mortality Following CLP 


To determine the effect of KC blockade on survival from 
persistent intra-abdominal sepsis, the 21-gauge sublethal 
method of CLP described by Baker et al” was used through- 
out this study. Systemic bacteremia was demonstrable as 
early as 1 hour after CLP in all mice, as indicated by blood 
cultures that were pos‘tive for multiple enteric organisms, 
including E coli, Klebs clla, and Proteus species and anaero- 
bic streptococci. Bloo’ cultures were negative in all sham- 
operated mice. 

No mortality resul'ed from the sham operation in either 
control mice or mice with KC blockade. Figure 3 depicts the 
added deleterious effects of KC blockade on survival follow- 
ing CLP. Whereas 4 (22%) of 18 control mice died by 24 hours 
after CLP, 12 (67%) of 18 mice with KC blockade died during 
the same interval. By 48 hours after CLP, 50% of the control 
mice had died as compared with 95% of the mice with KC 
blockade. Animals that survived beyond 72 hours (5 [28%] of 


‘18 control mice and 1 [5%] of 18 mice with KC blockade) did not 
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Fig 3.—Cumulative mortality was significantly higher at all intervals 
after cecal ligation and puncture (CLP) in mice with Kupffer cell 
blockade (n=18 per group, P<.05, x° analysis). Line with circles 
indicates CLP only; line with triangles, CLP and KC blockade; and 
asterisk, P<.05. 
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Fig 4.—Delayed-type hypersensitivity responses to soluble antigen. 
Although sham operation alone suppressed anti—ovalbumin delayed- 
type hypersensitivity responses (P<.05) (closed bars), more profound 
immunosuppression followed cecal ligation and puncture (CLP) in 
controls (P<.001). However, Kupffer cell (KC) blockade treatment 
before CLP partially preserved the delayed-type hypersensitivity re- 
sponse (P<.01). Responses to irrelevant antigen (sheep red blood 
cells) were negligible (hatched bars) (mean + SEM, n=6 per group). 
One asterisk indicates P<.001 vs sham operation; two asterisks, 
P<.01 vs sham operation. 


die and were found to have organized intra-abdominal ab- 
scesses at elective killings 20 days after CLP. Depression of 
normal KC phagocytic function by KC blockade, therefore, 
resulted in a significantly higher mortality (P<.05) at all 
intervals during intra-abdominal sepsis as compared with 
control animals. 


Systemic Immunosuppression After Surgery 


Intraperitoneal pentobarbial anesthesia and a midline ab- 
dominal laparotomy alone (sham) resulted in a depression of 
cell-mediated immunity (P<.05) as indicated by DTH hypore- 
sponsiveness to both soluble antigen (Fig 4) and cellular 
alloantigen (Fig 5). Statistically similar degrees of immuno- 
suppression also followed the sham operation in mice with KC 
blockade (mean [+SEM] anti-ovalbumin DTH response of 
26.4 +2.9 x 10°? mm). 


Immunosuppression During Sepsis — Effect 
of KC Blockade 


Profound global immunosuppression was evident following 
CLP in both control mice and mice with KC blockade, but to 
different degrees. An anti-ovalbumin DTH of 6.7+3.1 10” 
mm (Fig 4) and an anti-C57BL/6 DTH of 12.2+3.1 x 10° mm 
(Fig 5), measured 24 hours after CLP in control septic mice, 
were both significantly reduced (P<.001) from either sham 
(mean [+SEM] anti-ovalbumin, 23.4+4.3x10° mm; an- 
ti-C57, 24.0 +3.6 x 10 * mm) or preoperative (mean [+SEM] 
anti-ovalbumin, 33.2+2.0x10° mm; anti-C57, 2.6+0.9 
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Fig 5.—Allospecific delayed-type hypersensitivity responses to cellu- 
lar alloantigen after cecal ligation and puncture (CLP) in mice with 
Kupffer cell (KC) blockade were similar to sham-operated animals, but 
significantly greater than control-CLP responses (P<.05), more clear- 
ly reflecting partial preservation of systemic immunoreactivity by KC 
blockade. Responses to third-party alloantigen (C3H/HeJ) were negli- 
gible (hatched bars) (mean +SEM, n=6 per group). Closed bars 
indicate anti-C57BL/6 delayed-type hypersensitivity responses; one 
asterisk, P<.001 vs sham operation; and two asterisks, not significant 
vs sham operation. 


5 x 108 5 x 105 
IL-1 Standard (Dilution) 
Fig 6.—Linear proliferative responses by the D10.G4.1 T-cell clone 


over two log dilutions of the interleukin 1 (IL-1) standard. Counts per 
minute greater than 31 000 reflect maximal stimulation. 


5x10: 


x10 mm) DTH levels. Less DTH immunosuppression, 
however, was measured in septic mice with KC blockade. 
Whereas anti-ovalbumin DTH values (mean + SEM, 12.7+ 
3.9x 10 mm, Fig 4) were significantly less than sham or 
preoperative levels (P<.01), they were not significantly dif- 
ferent from control septic mice. However, anti-C57BL/6 
DTH responses in septic mice with KC blockade (mean- 
+SEM, 18.6+3.2 x 10°* mm, Fig 5) were significantly great- 
er (P<.05) than responses in septic control mice and not 
significantly different than for sham-operated animals. 
Therefore, systemic cell-mediated immunoreactivity was in 
part preserved following CLP and sepsis in mice with KC 
blockade. 


KC Activation: IL-1 Production 


Figure 6 depicts the control proliferative responses for the 
D10.G4.1 T-cell clone to known IL-1 dilutions. The IL-1 dilu- 
tions less than 5 x 10-fold resulted in a maximal stimulation 
(>31000 cpm). However, linear proliferative responses 
(10 000 to 30 000 cpm) were measured over more than 2 log 
dilutions of the IL-1 standard, indicating the sensitivity of the 
assay. 

Twenty-four hours following the sham operation in either 
control mice or mice with KC blockade, minimal spontaneous 
basal IL-1 production by KCs was measured (Fig 7), reflect- 
ing negligible KC activation. However, IL-1 production by 
KCs from both of these sham-operated groups was inducible 
with in vitro lipopolysaccharide stimulation (24-hour culture). 

The KCs from control septic mice produced greater than a 
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Fig 7.—Kupffer cell (KC) activation during sepsis in mice with KC 
blockade was significantly less than controls (P<.001), as indicated by 
more than a log decrease in interleukin 1 production. Basal interleukin 
1 production in either sham-operated group increased with added in 
vitro lipopolysaccharide stimulation. (Data are representative of three 
separate assays; mean + SEM responses of triplicates.) CLP indi- 
cates cecal ligation and puncture; closed bars, no lipopolysaccharide; 
and hatched bars, 1 mg/L of lipopolysaccharide; and one asterisk, 
P<.001 vs CLP. 
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log higher concentration of IL-1 than did either sham-operat- 
ed group (P<.001), indicating a maximal activation of these 
macrophages by intra-abdominal sepsis. More importantly, 
this level of IL-1 production was also significantly higher 
(P<.001) than that measured in septic mice with KC phago- 
cytic blockade. Furthermore, KCs from either septic mice 
with or without KC blockade could be induced to produce only 
slightly more IL-1 with in vitro lipopolysaccharide stimula- 
tion, indicating their already high degrees of activation by 
sepsis. Therefore, KCs that lacked functional phagocytic in- 
tegrity were only marginally stimulated despite fulminant 
intra-abdominal sepsis. 


COMMENT 


Host defense and systemic immunity are delicately bal- 
anced between health and illness. While we normally encoun- 
ter a variety of environmental immunogens against which our 
immune system can respond, when our requirements for 
vigorous protection are greatest, systemic immunosuppres- 
sion often occurs,” and our survival is threatened. This “mal- 
functioning” of the immune response assumes even greater 
importance in the already compromised host or in the face ofa 


major assault from infection, trauma, or operation. Can this » 


misdirected response be redirected to the patients 
advantage? 

A more complete understanding of macrophage immuno- 
biology can provide further understanding of this complex 
response. Endowed with highly efficient phagocytic and de- 
gradative properties, macrophages fulfill major responsibil- 
ities in maintaining host defense. Equally critical, however, is 
the central immunoregulatory role that they play in present- 
ing ingested antigen to immunocompetent lymphocytes to 
initiate the cascade of specific cell-mediated immunity.” As 
antigen uptake, processing, and presentation occur, acti- 
vated macrophages secrete several potent soluble immuno- 
logic mediators known to upregulate or downregulate immu- 
noreactivity, both locally and systemically.” Therefore, the 
macrophage can exert a profound global influence during both 
health and illness. 

However, macrophage activation is not necessarily synon- 
ymous with host benefit. In fact, several studies have sug- 


gested that the immunosuppression so prominent in sepsis, 
trauma, and critical illness, is a consequence of macrophage 
activation. Wang et al” demonstrated that “macrophage- 
like” splenic adherent cells, isolated from traumatized mice, 
mediated depressed immunity as measured by a diminished 
capacity to produce alloreactive cytolytic cells in a mixed 
lymphocyte culture. Faist et al” measured reduced T-helper 
cells and elevated circulating macrophages in humans with 
multiple life-threatening injuries, and they implicated exces- 
sive macrophage prostaglandin E, production as the cause of 
immunosuppression. By injecting live bacteria intraportally 
in rats, Marshall et al*° depressed DTH responses, and they 
attributed this immunosuppression to the inhibitory influ- 
ences of activated KCs. 

Since macrophages are activated throughout the body dur- 
ing critical illness, their collective immunosuppressive effects 
are systemic. Although activated KCs may contribute to this 
generalized phenomenon, their local effects within the liver 
may be equally important in a host injury. West et al”” have 
shown that endotoxin-triggered KCs can profoundly alter 
protein synthesis in contiguous hepatocytes. Activated KCs 
also may produce copious IL-1 and tumor necrosis factor—« 
and modulate the acute-phase response” or induce hyper- 
metabolism.” Excessive local eicosanoid production may 
downregulate critical interactions with other cells, especially 
T lymphocytes that are awaiting antigen presentation. In 
fact, elevated prostaglandin E, secretion has been shown to 
be a possible mechanism of macrophage-induced immunosup- 
pression.” 

This study further clarifies the dichotomy of KC function 
during sepsis in a clinically relevant model. Sublethal CLP 
subjects an animal to the hemodynamic derangements of 
sepsis” and the common scenario of polymicrobial intra- 
abdominal contamination, abscess formation, and tissue devi- 
talization. This septic insult persists until either death or host 
defense prevails. Gadolinium chloride preferentially and reli- 
ably blocks normal KC phagocytosis without destroying the 
cell. Our model, therefore, permits evaluation of the results of 
antigenic spillover beyond the KC during intra-abdominal 
sepsis. Since KC viability is not affected by GdCl, therapy, in 
vitro comparison of KC activation is also possible. 

In this study, in vitro levels of KC IL-1 production were 
interpreted as indicators of KC activation, and were corre- 
lated with depressed DTH responses to two forms of antigen. 
These observations, therefore, are consistent with the hy- 
pothesis of macrophage-induced immunosuppression. While 
the most profound immunosuppression occurred in control 


‘septic mice with maximal KC activation, DTH was partially 


preserved in septic mice with KC blockade in which KC 
activation was less. However, despite improvement of these 
immune parameters by KC blockade, the accompanying de- 
pression of KC phagocytosis during intra-abdominal sepsis 
resulted in a significantly higher mortality at all intervals 
following CLP. Therefore, functional KC phagocytic integri- 
ty is essential in optimal host defense. While activated KCs 
may be immunosuppressive, their primary role as phagocytic 
cells appears to be more critical during intra-abdominal 
sepsis. 


This study was partially funded by grant 5-T32-HL07038 from the National 
Heart, Lung, and Blood Institute-NRSA, by grant 1 PO1 Al 24854-01 from the 
National Institutes of Health, Bethesda, Md, and by the American Liver 
Foundation, Cedar Grove, NJ. 
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Discussion 


IRSHAD CHAUDRY, PhD, East Lansing, Mich: The results that 
were presented suggest that KC blockade enhances the possibility of 
sepsis. Interestingly, increased susceptibility to sepsis was associ- 
ated with less systemic immune depression. I am not sure that I 
understand what the results really mean; therefore, I would appreci- 
ate it if Dr Callery could tell me what these results mean in biologic 
terms. 

The authors also indicated that massive activation of macrophages 
has a detrimental effect on the immune response. How much of an 
activation of macrophages is really bad, and how much is not neces- 
sarily bad? Obviously, one needs macrophages to clear the invading 
microorganisms, and perhaps, it could be concluded that activation is 
not necessarily bad, but that prolonged and sustained activation of 
the macrophages produces deleterious effects. 

The authors stated that a depression of normal KC phagocytic 
function resulted in a significantly high mortality at all time periods 
that were studied. The P value listed for the differences was less than 
.05. Since the long-term survival rate in controls was 28%, and it was 
5% in the animals with KC blockade, I calculated the long-term 
survival statistics by using x’ analysis. I did not come up with a P 
value of less than .05 between the control and the experimental 
group; therefore, I was wondering which statistical analysis the 
authors used to compare the long-term survival rate. Based on my 
calculations, it appears that KC blockade decreases the time to death 
following sepsis but does not adversely affect the long-term mortality 
rates. 

The IL-1 production values or levels that the authors presented 
were in counts per minute; yet, they also presented the IL-1 standard 
dilution curves. Since they did have the standard dilution curve, it is 
unclear to me why they elected to present KC IL-1 production as 
counts per minute rather than in absolute units. Moreover, it is 
unclear what dilution of samples was used for the basis of the 
comparison. 

There are many other cells that are also activated following sepsis. 
Although KCs play a role in immunosuppression following sepsis, 
could the authors speculate on the contribution of these cells vs other 
cells in producing the immunosuppression following sepsis? 

In summary, I enjoyed the study. I have the following questions: 
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1. How do the authors explain the dichotomy between less immuno- 
suppression and increased mortality following sepsis? 

2. Is there any significant difference in the long-term mortality 
rates between these two groups of animals? 

3. Have the authors measured any specific cell-related response 
under experimental conditions? 

4. What is the contribution of KCs vs other cells in producing the 
immunosuppression, and have they measured any other agents be- 
sides IL-1 production? 

5. How much of an activation of a KC must occur before adverse 
effects are produced? 

NICOLAS V. CHRISTOU, MD, PHD, Montreal, Canada: I am not 
confused with the data, which I think are clear. Certainly from my 
own prejudice, the data explain a lot. 

The authors must be careful when using the DTH reaction as a 
measure of global systemic immunosuppression. It is a very complex 
reaction. Be that as it may, the authors have demonstrated that if one 
blocks the ability of KCs to take up bacteria, they do not create as 
much immunosuppression as one would expect if one did not block 
them, just like the authors did in their CLP-operated animals without 
KC blockade. 

If one does block them, however, in an acute event experiment as 
the authors did, it is more important that they do their phagocytic 
nonspecific host-defense function rather than their long-term, more 
specific immune function. Therefore, by blocking them, they cannot 
take up the bugs, and one does not see as much systemic immunosup- 
pression as one should if one did not block them since the cells are not 
stimulated. 

I think the data make a lot of sense. I would just caution the 
interpretation that the DTH response being blocked or being manipu- 
lated by the KCs serves as a systemic global immunosuppression. It is 
a bit more complex than that. 

JOHN C. MARSHALL, MD, Halifax, Canada: I have some questions 
about the authors’ interpretation as well. 

The CLP model is actually a model of disseminated infection rather 
than a model of disseminated sepsis. The animals are bacteremic, and 
they die as a result of their inability to clear those bacteria. 

So, it is not surprising that if one eliminates the animals’ phago- 
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cytes, the one defense the animals have against bacteria, they do die. 
This is a model of untreated infection rather than a model of sepsis. 
The consequences of uncontrolled infection may be different from the 
consequences of uncontrolled sepsis. 

This dichotomy is often encountered in the literature on the reticu- 
loendothelial system: a model that enhances the response to a bacteri- 
al challenge may produce elevated mortality following challenge with 
an endotoxin. This is seen, for example, following glucan administra- 
tion; it is also seen in germ-free animals. Have the authors studied the 
effects of a challenge with an endotoxin rather than live bacteria? 

STEPHEN F. Lowry, MD, New York, NY: I enjoyed this study. 

This is reminiscent of the work of Jim Filkins and his colleagues 
who, using other agents, did KC blockade and demonstrated that 
those such cells exerted paracrine activity on hepatocytes. Perhaps, 
the most prominent such effect was the alteration of gluconeogenic 
capacity. Were these animals really dying an energy-deficit death 
rather than a purely immunologic one? I wonder if the authors have 
data with respect to glucose or glycolytic products at the time of death 
in these animals.. 

DR CALLERY: I would like to address the technical questions first. 

Dr Chaudry, the P value calculated as .05 by x’ analysis represents 
a degree of significance between the groups at 24 and 48 hours. We 
would concur with you that there is no statistically significant differ- 
ence at 5 days for overall survival at that time point. 

We cited our data of IL-1 in counts per minute and not units of IL-1 
to clarify the parameters of our D10.G4.1 clone assay. Maximal 
stimulation of our cells was registered as greater than 32 000 cpm. 
That is what we measured with CLP-activated KCs from saline- 
treated mice. There may actually have been more IL-1 produced, but 
since our assay’s limit of sensitivity could not discern such, we chose 
to use actual counts per minute in making our conclusions. 

Concerning Dr Lowry’s questions, we would agree that a metabolic 
death is very likely. Our conclusion is that the primary role of the KCs 
is as scavenging phagocytes, and that this function is most critical to 
the host during intra-abdominal sepsis. These are animals faced with 
fulminant overwhelming bacteremia with no intervention, as men- 
tioned by Dr Marshall. Therefore, they likely die due to the acidosis, 
hypoxia, and other metabolic derangements of sepsis more rapidly 
since their levels of bacteria are probably higher. We have not 
specifically measured levels of bacteria, however, nor have we mea- 
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sured glucose or products of lipolysis. 

In septic mice with KC blockade, there is an antigen overload to the 
periphery beyond the KC that normally would clear the antigenic 
bacterial load. They did not die an immunosuppressive death because 
our data indicated that although they had partial preservation of their 
systemic immune reactivity, they died faster. Their death was proba- 
bly due strictly to the inability of their KCs to prevent this bacterial 
overload to the periphery, and accordingly, their inability to minimize 
the metabolic consequences of overwhelming sepsis. 

Regarding Dr Marshall’s comments on sepsis vs infection, we have 
not used germ-free animals in this model. We have not as yet mea- 
sured endotoxin levels following CLP in animals with or without KC 
blockade, nor have we used a specific endotoxin challenge. We chose 
this model, attempting to create a clinically relevant scenario of 
diffuse abdominal infection. 

All of the discussants questioned why there is immunosuppression 
by KCs. We are not sure. But there are functions of KCs that may 
offer some hints and relate to Dr Chaudry’s especially probing ques- 
tion of “When is macrophage activation insufficient or sufficient?” 

Macrophages contribute in balancing health and disease. Activated 
macrophages and KCs produce powerful mediators, such as IL-1 and 
tumor necrosis factor. But the biologie effects of IL-1 to a point are 
beneficial to the host, and beyond that, they may be detrimental to 
the host, and probably the same for tumor necrosis factor, although 
the threshold to its detriment is probably earlier. 

Prostaglandin E,, when produced in high levels as with macro- 
phage activation, blocks translation of IL-1, and there are increasing 
data to suggest that it may also self-regulate production of tumor 
necrosis factor. 

Therefore, if one considers the KCs as sitting at an environmental 
interface of the gut in which they are routinely exposed to large 
quantities of gut-absorbed antigen, nature may have defined their 
role as being immunosuppressive so that we do not all respond 
overwhelmingly to what we eat. 

When intra-abdominal infection occurs, they are playing their role 
of excessive activation of KCs, and this may induce elevated levels of 
prostaglandins; it is possible that prostaglandin synthesis may either 
exert paracrine effects locally within the liver or systemically, al- 
though this is less likely because of their half-life. 
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Are the Catabolic Effects of Tumor Necrosis 
Factor Mediated by Glucocorticoids? 


Kenneth Mealy, FRCSI; Joseph J. B. van Lanschot, MD; Bruce G. Robinson, MD; Jan Rounds; Douglas W. Wilmore, MD 


è The effect of tumor necrosis factor (TNF) on the hypothalam- 
ic-adrenal stress response was determined by infusion of TNF, 0, 
2x 10°, and 4x 10° U/kg per 24 hours, in parenterally fed male 
Wistar rats. Following infusions over 1 to 6 days, adrenal weight 
was increased with increasing dosage of TNF. Tumor necrosis 
factor at a dosage of 4x 10° U/kg per 24 hours increased the 
plasma corticotropin level over the same period. In a further 
series of experiments the metabolic effects of TNF were com- 
pared with the effects of corticosterone, the predominant gluco- 
corticoid in the rat. In comparison with controls, rats given corti- 
costerone (75 mg subcutaneously) or TNF (2 x 10° U/kg per 24 
hours) demonstrated decreased nitrogen balance and dimin- 
ished carcass nitrogen content over a 6-day period. Tumor ne- 
crosis factor alone, however, induced a significant increase in 
liver nitrogen content and diminished jejunal mucosa DNA and 
protein levels in comparison with the control and corticosterone 
groups. Finally, adrenalectomized animals receiving basal corti- 
costerone replacement were infused with TNF. Urinary nitrogen 
loss was significantly diminished in these animals compared 
with sham adrenalectomized controls, indicating that an intact 
adrenal stress response is necessary for the increased nitrogen 
loss following TNF infusion. Tumor necrosis factor may exert an 
important regulatory influence on the interorgan substrate flux 
that occurs during critical illness. The effects of TNF on skeletal 
muscle proteolysis can be simulated by adrenal glucocorticoid 
administration. The effects of this cytokine on visceral organs 
appear to be unique to TNF and cannot be reproduced by the 
administration of glucocorticoids alone. 

(Arch Surg. 1990;125:42-48) 


if nfection, trauma, and burn injury lead to a series of charac- 
teristic alterations in host metabolic responses. Net catab- 
olism of skeletal muscle occurs in concert with synthesis of 
hepatic acute-phase proteins. These changes are two promi- 
nent features of the stress response.’ It has been postulated 
that the efflux of amino acids from the periphery to the liver 
and subsequent synthesis of acute-phase proteins are re- 
quired to support the metabolic demands of increased im- 
mune proliferation and the healing wound.” If prolonged, 
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however, these metabolic changes lead to sustained negative 
nitrogen balance, erosion of lean body mass, and body protein 
depletion. In the context of modern medical care this evolu- 
tionary feature of the stress response may adversely influ- 
ence recovery and therefore may be maladaptive. 

Host responses are mediated by the stress hormones epi- 
nephrine, glucagon, and glucocorticoids and cytokines, prod- 
ucts of activated lymphocytes and macrophages.” One such 
cytokine, tumor necrosis factor (TNF), appears to be a major 
mediator of gram-negative endotoxic shock,*” but in sublethal 
doses this cytokine causes anorexia, pyrexia, elaboration of 
stress hormones, and alterations in fat, carbohydrate, and 
trace mineral metabolism.’ However, recent in vitro data 
suggest that TNF has little effect in initiating skeletal muscle 
proteolysis,” and its role in regulating in vivo protein metabo- 
lism is unclear. 

In this study TNF was infused on a long-term basis into 
parenterally fed rats. The cytokine had marked effects on 
decreasing carcass nitrogen and increasing liver nitrogen 
content. In addition, the cytokine activated the hypothalam- 
ic-adrenal axis. Administration of exogenous glucocorticoids 
caused effects on skeletal muscle similar to those that oc- 
curred following TNF administration. In contrast, the alter- 
ations in visceral organs appear to be related to TNF adminis- 
tration alone and could not be replicated by glucocorticoids. 


MATERIALS AND METHODS 


The study was performed in three parts. In the first experiment 
the effects of TNF on the hypothalamic-adrenal stress response are 
studied. Following confirmation of a stimulatory effect of TNF on the 
stress response we compared the effects of TNF and physiologic 
stress levels of corticosterone on nitrogen balance and organ nitrogen 
content. Finally, rats were adrenalectomized, and nitrogen loss was 
elevated in adrenalectomized animals receiving TNF. 


TNF—Hypothalamic Stress Response Studies 


Animal Preparation. — Eighty male Wistar rats weighing 175 to 
200 g were obtained from Charles River Laboratories, Wilmington, 
Mass, and allowed to acclimatize to standard laboratory conditions for 
5 days. The animals had free access to Purina rat chow (Purina Mills 
Inc, St Louis, Mo) and water and were housed individually in wire- 
bottomed metabolic cages (Lab Products Inc, Maywood, NJ) in a 
constant-temperature environment with a 12-hour light-dark cycle. 
Prior to each study they were randomly allocated into groups, and 
animals from each group were simultaneously evaluated in all 
studies. 
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The rats were anesthetized on day 0 with sodium pentobarbital 
(50 mg/kg, Nembutal, Abbott Laboratories, North Chicago, Ill) and 
weighed, the hair was shaved from the interscapular and the abdomi- 
nal regions, and the skin was prepared with Clinidine solution (The 
Clinipad Corp, Guilford, Conn). Silastic (Dow Corning, Midland, 
Mich) central venous catheters (internal diameter, 0.08 cm; external 
diameter, 0.0165 cm) were inserted under sterile conditions. The 
catheter was secured in the external jujular vein with a double 
pursestring suture and tunneled subcutaneously to the interscapular 
region, where it was threaded through a metal sheath attached to a 
swivel device (Instech Laboratories, Horsham, Pa) that allowed free 
movement of the rat during the study period. The stainless steel 
button of the metal sheath was secured to the deep fascia with 
sutures. 

Study Protocol.—Following operation the animals received a 
0.9% saline infusion (25 mL/24 hours) via the central venous cathe- 
ters. The next day, administration of standard parenteral nutrition 
solution containing adequate energy and nitrogen for growing rats 
(404 kJ of nonprotein energy and 0.985 g of nitrogen per 100 mL) was 
commenced at 48 mL per 24 hours.” Tumor necrosis factor (Asachi 
Chemical Industry Inc, New York, NY), 0, 2 10°, and 4x 10° U/kg 
per 24 hours, was added to the total parenteral nutrition (TPN) 
solution and infused for 1, 3, and 6 days. Previous studies demon- 
strated no loss of bioactivity following the addition of TNF to the 
TPN solution. During the study period the rats were allowed water 
ad libitum. Following infusion, animals were killed by intraperitoneal 
administration of sodium pentobarbital (75 mg/kg). Blood was col- 
lected by cardiac puncture into ethylenediaminetetraacetic acid 
tubes for corticotropin assay by radioimmunoassay, and the adrenal 
glands were removed and weighed. 


Nitrogen Balance Studies 


Study Protocols. —Thirty-six male Wistar rats had central venous 
catheters inserted as described above. Three groups of animals were 
studied: (1) a control group, infused with TPN alone (n= 9); (2)a TNF 
group (2 x 10° U of TNF/kg per 24 hours added to the TPN, n= 12); 
and (3) a corticosterone group (75 mg, n=7), which also received 
TPN. The corticosterone was administered as a subcutaneous pellet 
implanted dorsally in the intrascapular region through the catheter 
swivel attachment site. Initial dose-response studies demonstrated 
that this dose of corticosterone gave rise to physiologic stress levels of 
corticosterone at 7 days. Total parenteral nutrition infusions were 
commenced on the day following catheter insertion. Daily urine 
collections were performed from days 1 to 7, and total urinary nitro- 
gen was determined. The animals were killed on day 7. 

Harvest Procedure. —The rats were weighed at death, and follow- 
ing cardiac puncture, blood was drawn by syringe into heparinized 
tubes, centrifuged at 4000 rpm, and stored at — 70°C. Immediately 
after exsanguination the liver and adrenal glands were weighed and 
placed in a drying oven for 24 hours at 90°C and then reweighed. The 
intestine was removed, and segments of jejunum were excised as 
previously described.” Mucosal weight, DNA, and protein content 
were measured on full-thickness and mucosal samples from 5-cm 
segments of intestine. The eviscerated carcass was then skinned, the 
head was removed, and the carcass was diced and blended with a 
known volume of water. A portion of this mixture was dried at 90°C 
for 24 hours. Carcass water was determined from the difference in 
wet and dry carcass weights. All dried tissue was stored at — 20°C 
until nitrogen determinations were performed. 


Adrenalectomy Study 


Rats were adrenalectomized through bilateral flank incisions using 
a sterile technique and sodium pentobarbital anesthesia. Preliminary 
studies indicated that adrenalectomized animals did not survive fol- 
lowing TNF infusion. However, if a basal replacement dose of cortico- 
sterone (30 mg) was given at the time of adrenalectomy and replaced 
10 days later during central venous catheterization, 30% to 40% of the 
animals survived TNF infusion for 48 hours (ADX 30 group). In the 
sham-adrenalectomized animals, flank incisions were made, the peri- 
toneum was opened, and a cholesterol pellet without corticosterone 
was inserted subcutaneously (sham group). The day following cathe- 
ter insertion, TNF (2 x 10° U/kg per 24 hours) was infused in both the 
ADX 30 and sham groups over 48 hours, and urine was collected for 
nitrogen determination. Control data from the control group in the 
preceding experiment were used for comparison (nitrogen balance 
study). 
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Analytical Procedures 


Careass and organ nitrogen contents were determined by the 
macro-Kjeldahl method.” Nitrogen concentrations in urine and nutri- 
ent solutions were determined using a chemiluminescence technique 
(Antek Instruments Inc, Houston, Tex). The nitrogen balance was 
calculated as the difference in nitrogen intake and excretion. This was 
corrected for alterations in body urea nitrogen as derived from the 
total body water and plasma urea concentrations. 

Plasma urea and creatinine concentrations were determined using 
an autoanalyzer (Abbott VP Super System analyzer, Abbott Labora- 
tories, Irving, Tex). All animals with creatinine levels greater than 88 
umol/L were excluded because of the possibility of renal impairment. 
Fewer than 10% of the animals were excluded. 

Corticotropin and corticosterone levels were determined by radio- 
immunoassay (Nicols Institute Diagnostics, San Juan Capistrano, 
Calif, and Radioassay Systems Laboratory Inc, Carson, Calif, 
respectively). | 

The intestinal segments were analyzed as previously described.’ 
Tissue homogenates were analyzed for DNA content by a modifica- 
tion of the method of Burton,” and the protein content was measured 
by the Lowry” technique. 


Statistical Methods 


Results are expressed as mean+SEM. Statistical calculations 
were performed on a microcomputer (Macintosh SE, Apple Comput- 
ers Inc, Cupertino, Calif) with a standard statistical package (Stat- 
view 512+, Brainpower Inc, Calabasas, Calif). One- and two-way 
analyses of variance were used for comparison of means, as appropri- 
ate. The Dunnett t test was used for post hoc comparisons. P<.05 was 
considered significant. 


RESULTS 
TNF—Hypothalamic Stress Response Studies 


Seventy of the 80 animals entered into the study survived 
until they were killed. In the control group, 24 (96%) of 25 
animals survived, whereas this decreased to 22 (88%) of 25 
animals and 24 (80%) of 25 animals, respectively, in the groups 
given 2 x 10° and 4 x 10° U of TNF per kilogram per 24 hours. 


Corticotropin and Adrenal Weight 


Corticotropin levels increased with TNF dosage at all three 
time points (Fig 1). Corticotropin levels, however, also dimin- 
ished with time in all three groups (P<.009), possibly reflect- 
ing the return of this hormone to baseline levels following 
catheter insertion. With the highest TNF dosage (4x 10° 
U/kg per 24 hours), the corticotropin response was signifi- 
cantly greater than in the control group at all time points 
(P<.03). Tumor necrosis factor induced a dose-dependent 
increase in adrenal weights at all time points (P<.0001, Fig 
1). However, adrenal weights also diminished with time 
(P<.0001). 


Nitrogen Balance Studies 


One of the 10 control animals died (90% survival). In the 
corticosterone group, 1 of 8 rats died (88% survival), and in 
the TNF group, 6 of 18 rats died (67% survival). 


Nitrogen Determinations 


The nitrogen balance over the 6-day period of TPN infusion 
was markedly reduced in both the corticosterone (516.7 + 
209.4 mg) and TNF (488.5 + 123.4 mg) groups in comparison 
with controls (1369.6 + 91.9mg, P<.005). This was confirmed 
by body composition studies. The carcass nitrogen content 
was significantly greater in the control group (2.68 + 0.09 g) 
than in either the corticosterone (2.06+0.18 g) or TNF 
(2.2+0.1 g) groups (P<.025, Fig 2). Carcass nitrogen levels 
tended to be lowest in the corticosterone group; however, 
there was no significant difference between the corticoste- 
rone and TNF groups. The liver nitrogen content was in- 
creased in the TNF (440.3 + 30.2 g) group compared with the 
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Fig 1.—Adrenal weight and plasma corticotropin in the three tumor 
necrosis factor (TNF) groups (0, 2x 10°, and 4x 10° U/kg per 24 
hours) following 1, 3, and 6 days of infusion. Increased adrenal weight 
occurred with increasing dosage of TNF (P<.0001). The high-dose 
TNF group also gave rise to significant elevation in corticotropin levels 
in comparison with controls at day 6 (P<.03). 


control (268.4+19.2 g) and corticosterone (283.8+7.9 g) 
groups (P<.01). 

Further studies in 81 additional animals were performed to 
determine the effects of TNF infusion on liver DNA and 
protein content over time (1, 3, and 6 days). Both indexes 
increased in proportion to the liver nitrogen level, as previ- 
ously shown. No differences in either DNA or protein content 
were noted following 1 day of TNF infusion. After 3 and 6 
days, however, both DNA and protein were significantly 
increased in the TNF group compared with controls (P<.001, 
Fig 3). 


Jejunal DNA and Protein Data 


Protein and DNA levels fell in both full-thickness and muco- 
sal jejunal segments in the TNF-infused animals (Table). The 
full-thickness DNA and protein contents were lower in the 
TNF group than in either the control or corticosterone 
groups; however, this decrease did not reach significance. In 
the mucosal segments, the DNA and protein values were 
significantly diminished in the TNF group in comparison with 
the control and corticosterone groups. The TNF-induced 
DNA and protein changes in the mucosa were of a greater 
magnitude than those in the full-thickness segment, indicat- 
ing that the intestinal effects of TNF primarily occurred on 
the intestinal mucosa. 


Jejunal Morphologic Findings 
Blinded histologic examination of the jejunal segments con- 
firmed that the intestinal effects of TNF primarily occurred 
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Fig 2.—Carcass nitrogen content, total nitrogen balance, and liver 
nitrogen content in control (n=9), corticosterone (n=7), and tumor 
necrosis factor (TNF, n=12) groups. The carcass nitrogen content 
and total nitrogen balance were decreased in both the corticosterone 
and TNF groups in comparison with the control group (asterisks, 
P<.01); however, the liver nitrogen content was increased in the TNF 
group alone in comparison with the control and corticosterone groups 
(dagger, P<.01). 


on the intestinal mucosa. There was a significant decrease in 
villus height in the TNF group (339+ 19 um) compared with 
the control (442+24 um) and corticosterone (414+26 wm) 
groups (P<.05, Table). There were no significant differences 
in crypt depth or muscle thickness among the three groups. 


Corticosterone Levels 


Plasma corticosterone levels in the corticosterone group 
were significantly elevated in comparison with the control 
group (717 + 208 vs 381 + 320 nmol/L, P<.05). The corticoste- 
rone level in the TNF group was 465 + 193 nmol/L. The differ- 
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Fig 3.—Liver protein and DNA content in the three TNF groups (0, 
2x 10°, and 4 x 10° U/kg per 24 hours) following 1, 3, and 6 days of 
infusion. The total liver protein and DNA content increased with in- 
creasing dosage of tumor necrosis factor (TNF, P<.0001). 


ence between the TNF and corticosterone groups approached 
but did not reach significance (P<.056). 


Adrenalectomy Study 


No animals survived TNF infusion without adrenal steroid 
replacement (100% mortality in 5 animals). Of the 18 adrenal- 
ectomized animals treated with the 30-mg corticosterone pel- 
lets (ADX 30 group), 6 (83%) survived 48 hours of TNF 
infusion. In comparison, all 8 sham-adrenalectomized animals 
survived. Total urinary loss was significantly increased in the 
sham group (631+21 mg of nitrogen in 48 hours) compared 
with the ADX 30 (526.3+35 mg of nitrogen in 48 hours, 
P<.05) and control (496.2 + 18.8 mg of nitrogen in 48 hours, 
P<.01) groups vs (Fig 4). There was no significant difference 
in nitrogen loss between the ADX 30 and control groups. 


COMMENT 


These studies demonstrate that TNF induces a dose-de- 
pendent stimulation of the pituitary-adrenal axis that is main- 
tained for up to 6 days. Furthermore, administration of TNF 
results in skeletal muscle proteolysis and diminished nitrogen 
balance similar to that observed following severe infection or 
injury. This alteration in protein economy is similar to what 
occurs following the administration of corticosterone alone. 
In addition, TNF also exerts growth effects on the liver and 
causes disruption of the intestinal mucosa. These visceral 
alterations are not reproduced by glucocorticoid admini- 
stration. 

Recent evidence suggests that neither interleukin 1 nor 
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Jejunal Morphologic Characteristics and DNA and 
Protein Levels 


Group, Mean+SEM 


Corticos- 
terone 


Control 


Full-thickness segments 
Protein, mg/cm 


DNA, g/cm 


Mucosal segments 
Protein, mg/cm 


DNA, »g/cm 
Morphologic 
characteristics, ym 
Villous height 


2.7+0.18 2.9+0.23 


194.3+14.2 190.4+163 159.9+11.9 


1.9+0.17 1.8+0.19 


141.2+11.9 1244+117. 87.3+6.7} 


424+24 
160+9 
114+9 


414+26 
139+13 


339 + 19t 
Crypt depth 
Muscle thickness 


*TNF indicates tumor necrosis factor. 

+tP<.005 compared with control group, and P<.01 compared with corticos- 
terone group by analysis of variance. 

+P<.01 compared with control and corticosterone groups by analysis of 
variance. 


Nitrogen Loss, mg/48 h 





Sham AD ntrol 
Group 


Fig 4.— Total urinary nitrogen loss in the sham (n= 8), ADX 30 (ani- 
mals that received a replacement dose of 30 mg of corticosterone at 
adrenalectomy and during central venous catheterization, n= 6), and 
control (n=9) groups following 48 hours of infusion. The sham and 
ADX 30 groups received tumor necrosis factor (TNF) in the total 
parenteral nutrition solution, whereas the control group only received 
the total parenteral nutrition solution. Accelerated nitrogen loss oc- 
curred in the sham group alone (P<.05 vs ADX 30 and control groups). 


TNF induces muscle proteolysis in vitro. Moldawer et al’ and 
Goldberg and colleagues’ both failed to demonstrate in- 
creased protein catabolism when rat extensor digitorum lon- 
gus muscle preparations were incubated with either cytokine. 
In vivo studies in humans provide conflicting evidence con- 
cerning the protein catabolic effects of TNF. Infusion of TNF 
in patients with cancer has been associated with the increased 
efflux of amino acids from the forearm.“ These responses 
were associated with other hormonal changes, including a fall 
in insulin concentrations during TNF administration. In con- 
trast, nitrogen balance data following 5 days of TNF infusion 
in humans were similar to data in underfed norma! subjects or 
pair-fed animals.” The acute effects of TNF on the pituitary- 
adrenal stress response have also been demonstrated in pa- 
tients with cancer; with TNF infusion there is a rapid rise in 
both corticotropin and cortisol concentrations, but these ef- 
fects become attenuated with time.” Glucocorticoids exert 
significant effects on skeletal muscle metabolism, resulting in 
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net proteolysis.” Therefore, the prolonged elevation of glu- 
cocorticoids secondary to TNF stimulation could lead to an 
indirect effect of TNF via the stress response on skeletal 
muscle catabolism. 

This study demonstrates a sustained dose-dependent ele- 
vation in corticotropin and glucocorticoid concentrations as- 
sociated with long-term TNF administration. The corticotro- 
pin levels and adrenal weight decreased in all groups with 
time, probably reflecting theyeturn to a basal level following 
catheter insertion. However, the animals receiving TNF 
maintained increased adrenal weight compared with the con- 
trol group at 6 days. In addition, corticotropin levels in the 
high-dose TNF group (410° U/kg per 24 hours) also re- 
mained elevated throughout the study. Thus, this initial in- 
vestigation documents long-term trophic effects of TNF on 
the hypothalamic-pituitary-adrenal stress response. 

Our initial studies were not designed to establish basal 
corticosterone levels in the control animals. Because of this, 
the acute stress of animal handling when they were killed 
elevated corticosterone levels in the control rats to moderate 
stress levels. Further experiments were performed that al- 
lowed a recovery period of 72 hours following catheter inser- 
tion; in this study the animals were killed by injection of 
pentobarbital via the intravenous line, and blood was col- 
lected following decapitation. These studies, performed in 36 
additional animals, demonstrated that corticosterone levels 
were significantly elevated in TNF-infused animals (4 x 10° 
U/kg per 24 hours) in comparison with controls at 24 hours 
(8372+124 vs 28+10.5 nmol/L, P<.01). This verifies that 
there is a significant adrenal response following TNF infu- 
sion. Because corticosterone levels of control animals are in 
the previously reported basal range when this method of 
blood collection is used, this study demonstrates that elevat- 
ed corticosterone levels following TNF infusion are not the 
result of experimental stress or the method of animal killing 
but are due to infusion of the cytokine. 

To test the hypothesis that the catabolic effects of TNF are 
mediated by glucocorticoids in vivo, we performed two addi- 
tional experiments. In the first, we administered glucocorti- 
coids alone to determine if glucocorticoids could simulate the 
response induced by TNF. In this study, corticosterone, the 
predominant glucocorticoid in the rat, induced a pattern of 
diminished nitrogen balance and decreased carcass nitrogen 
content similar to the pattern observed with TNF infusion. In 
the second study, we administered TNF to adrenalectomized 
rats. However, we observed 100% mortality in 5 animals 
within 48 hours in adrenalectomized rats without steroid 
replacement. This finding is consistent with the observations 
of Bertini et al,” who found increased lethality in adrenalecto- 
mized mice following administration of both interleukin 1 and 
TNF. We then provided steroid replacement to the adrenal- 
ectomized animals in the form of a 30-mg corticosterone pel- 
let. This dose provided basal glucocorticoid replacement and 
clamped the glucocorticoid output at a low fixed level during 
TNF infusion. Even with insertion of a 30-mg corticosterone 
pellet, only a small proportion of the adrenalectomized ani- 
mals survived (6 [33%] of 18 animals), indicating the critical 
importance of increased glucocorticoid output following TNF 
exposure. However, nitrogen loss was significantly greater in 
the sham-adrenalectomized group than in the ADX 30 group, 
indicating that an intact adrenal response is necessary to elicit 
the increased urinary nitrogen loss following TNF infusion. 
In fact, urinary nitrogen loss in the animals receiving mainte- 
nance steroids was comparable to that in catheterized animals 
receiving only TPN but not TNF. Thus, we conclude that an 
intact adrenal response is required for the increased nitrogen 
loss to oecur following TNF administration. 

Accelerated skeletal muscle proteolysis is only one compo- 
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nent of the protein metabolic response to stress, and in- 
creased hepatic protein synthesis occurs in conjunction with 
skeletal muscle breakdown during inflammatory states. The 
appearance of hepatic acute-phase proteins in part reflects 
this response, and these substances are thought to play an 
important role in immune defense of the host and tissue 
repair. It has been postulated that skeletal muscle catabolism 
occurs to provide a source of amino acids for visceral organs to 
synthesize acute-phase and other proteins. Following TNF 
infusion there was an increase in hepatic mass and liver 
nitrogen content (160%), indicating that this cytokine plays 
an important role in regulating visceral protein synthesis. 
Tumor necrosis factor appeared to increase both protein syn- 
thesis (ie, protein content) and hepatocyte cell number (DNA 
content). These changes only became apparent after 3 days of 
TNF infusion. Fong and colleagues” found an increased he- 
patic DNA content with TNF administration over 7 days; 
they attributed this to an accumulation of inflammatory cells. 
However, histologic examination in this study demonstrated 
no significant increase in inflammatory infiltrate into the liver 
parenchyma to explain this increased cellularity. An in- 
creased hepatocyte mitotic rate has also been reported follow- 
ing burns, another potent inflammatory stimulus.” These 
changes were attributable to TNF and not glucocorticoids, 
for no such alterations were observed following corticoste- 
rone administration alone. Glucocorticoids may be necessary 
to induce this TNF-mediated response. Evidence suggests 
that hepatic acute-phase protein expression induced by TNF 
requires the presence of or is increased with glucocorticoids 
and/or other cytokines.”” However, as TNF has not been 
shown to demonstrate the full array of acute-phase protein 
expression in vitro, it is possible that other mediators are 
required to elicit this hepatic response. One such mediator is 
interleukin 6 (previously known as hepatocyte-stimulating 
factor or interferon beta), which in vitro is a potent acute- 
phase stimulant” and is produced by TNF.* 

In acute-phase animal studies of TNF, administration of 
this cytokine resulted in hypotension, acidosis, and death. 
Autopsy demonstrated a hemorrhagic necrosis of the intes- 
tine and inflammatory infiltrate in the mucosa.” In this study 
a long-term dose of TNF was administered; the jejunal muco- 
sal cell mass was greatly reduced, as reflected by decreased 
DNA and protein content and a decrease in villus height. No 
apparent alteration occurred in small-bowel length, and no 
evidence of ischemia was observed on histologic examination. 
Tumor necrosis factor may exert direct cytotoxic effects on 
the mucosa cell population, which has a high rate of cell 
turnover, for cytotoxicity of this agent is known to occur in 
rapidly dividing tumor cells” and bone marrow. ”” Second- 
ary effects due to changes in intestinal blow flow or stimula- 
tion of other mediators may also cause these alterations. “ 

Tumor necrosis factor has multiple metabolic effects that 
may be important in the coordinated regulation of metabolic 
events that occur during critical illness. Increasing knowl- 
edge of this cytokine indicates that this single factor may 
regulate metabolic events by exerting both direct and indi- 
rect effects. The activation of the hypothalamic-pituitary- 
adrenal response is essential following TNF exposure, and 
this stimulation may mediate some but not all of the metabolic 
responses observed during critical illness. 
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Discussion 


JOSEF E. FISCHER, MD, Cincinnati, Ohio: This report addresses a 
very interesting issue: Is TNF involved in both major aspects of the 
catabolic response, skeletal muscle and viscera? Based on my own 
studies, I agree that TNF itself in vitro probably does not induce any 
changes in skeletal muscle; steroids seem to be much more important, 
as you have shown. 

If I had to guess on the basis of my own data, I would say that of the 
various metabolic responses in muscle, steroids are probably respon- 
sible for about 50% or 60% and something else contributes to the other 
40% or 50% of the response. I do not know what is responsible for the 
other 40% to 50% of the response, but, presumably, there are some 
cofactors. 

The viscera are very interesting. I think you have made a convinc- 
ing argument that steroids may have less to do with the liver changes 
than the cytokines. 

The finding that DNA and protein content are elevated 3 and 6 days 
after TNF infusion leads to my first question. We have always 
associated these changes in the liver: interleukin 1 with a-glycopro- 
tein, and interleukin 6 with C-3 and a,-macroglobulin. The conven- 
tional wisdom is that acute-phase response is increased and acute- 
phase export protein production is increased, but the structural 
protein is not increased. However, on days 3 and 6 you had a very 
substantial increase in liver protein content. I am not familiar with 
many septic models that have gone to day 6, but what do you think 
about the fact that the liver is actually heavier and contains more 
nitrogen? Is this a change in structural protein, or can it be explained 
by the fact that the liver is making acute-phase protein, which it is 
then releasing? 

With respect to the liver and its increased uptake of nitrogen, one of 
our residents has infused steroids for approximately 5 or 6 days and 
found increased amino-acid uptake by the liver. In your model it is 
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difficult to determine the role of steroids, because, in fact, steroids 
were present. Can you explain all of your changes in amino-acid 
uptake with TNF alone in the presence of steroids? I argue that 
steroids do have a visceral effect. 

There is contamination of TNF by lipopolysaccharide, which can 
masquerade as TNF. One way of controlling for this contamination 
would be to use heat-inactivated TNF. Did you use heat-inactivated 
TNF in all your infusions? If not, did you repeat the experiments 
using heat-inactivated TNF? 

The changes in the jejunum were interesting. All of these animals 
were receiving TPN, which in itself within 24 hours will have some of 
the effects you described. 

Was there an additional control group? What was the difference in 
DNA and protein content in the mucosal layer, where the biggest 
changes occurred, between the control group that received TPN and 
freely feeding controls? What were the changes in the group that 
received TNF? 

JONATHAN MEAKINS, MD, Montreal, Canada: With respect to the 
increase in the size of the liver, you commented that hepatocytes 
were increased in size. Was there an influence on Kupffer cell mass? 
Did you look at the liver with this question in mind? 

DAVID HERNDON, MD, Galveston, Tex: Did you try to separate 
the activity of the adrenal medulla from that of adrenal cortex by 
doing adrenal medullectomies? What was the role of catecholamines 
in this response apart from corticosteroids? 

MARC LANSER, MD, Boston, Mass: How did you differentiate 
between the potentiating effects of steroids and the response being 
mediated by the steroids? As you know, steroids play a very impor- 
tant role in the cellular response to a variety of monokines. Could it be 
necessary to have a little bit of steroid around to achieve the full effect 
with the monokine? 


Glucocorticoids—Mealy etal 47 


RONALD V. MAIER, MD, Seattle, Wash: There is in vitro evidence 
that TNF can directly inhibit corticosteroid production by adrenal 
cells. You used adrenal weight as an indication of hypertrophy. Did 
you do any histologic tests to check for evidence of toxicity in the 
adrenal glands secondary to TNF or to determine whether the weight 
increase truly was hypertrophy? 

DR MEALY: The first question Dr Fischer asked was about liver 
changes due to TNF. We did not measure any acute-phase protein 
levels, so I have no information on secretory proteins. I think it is 
unlikely, however, that the significant increase in hepatic nitrogen 
demonstrated in this study (60%) is due to retained secretory pro- 
teins. Proteinand DNA content increased to a similar extent, and this 
suggests increased hepatic cellularity. 

As to which type of cells these were, initially we thought that the 
increase in hepatic nitrogen might be accounted for by an increase in 
Kupffer cell mass. However, this is somewhat difficult to quantify, 
and we did not attempt it. Microscopically, however, there did not 
appear to be any significant increase in inflammatory cell infiltrate in 
these livers after 6 days. Provisionally, I conclude that we have 
demonstrated an anabolic effect of the liver. 

Dr Fischer also asked whether steroids increase amino-acid uptake 
by the liver. We cannot exclude a role for glucocorticoids in this 
process. All our animals obviously had glucocorticoids, and their 
presence may be necessary. In vivo and in vitro data suggest that 
steroids are probably necessary for full expression of the acute-phase 
response. 

Our adrenalectomized animals had low-dose basal corticosterone 
replacement; if steroids are needed to exert a permissive effect, they 
were available in this model. The liver changes in the adrenalecto- 
mized animals were similar to those in our initial metabolic 


experiments. 

Dr Fischer also asked about contamination of TNF with lipopoly- 
saccharide. Our TNF is human recombinant TNF alpha produced by 
Asachi Chemical Industry Inc, and it contains less than a 100 pg of 
endotoxin per milligram of protein. We did not carry out any experi- 
ments with heat-inactivated TNF, but I believe that the amount of 
endotoxin contaminating this TNF is not enough to give rise to the 
very significant stress response and metabolic changes we have 
demonstrated. 

We found the effects of TNF on the jejunum particularly interest- 
ing. The first question that came to our minds, as Dr Fischer men- 
tioned, was that these effects might be due to TPN. The changes 
demonstrated in the TNF groups were significantly different from 
those in the control groups, in which the animals received an identical 
TPN solution. We deduced that TNF has an additive effect to atrophy 
induced by TPN. These changes appear to be due to a decrease in 
villus height without alterations in crypt depth. 

Dr Herndon asked about toxic effects on the adrenal glands. We did 
not do any histologic tests on the adrenal glands, so I cannot comment 
on medulla vs adrenal corticosteroid effects. 

Dr Lanser asked about responses due to steroids. In relation to the 
acute-phase response, steroids may be necessary. Our model does not 
address this issue, but the in vitro data suggest that glucocorticoids 
are required along with other cytokines, such as TNF, interleukin 1, 
and, particularly, interleukin 6, for the full manifestation of the 
hepatic acute-phase response. 

Dr Maier, there was no evidence on gross examination showing 
adrenal infarction at the completion of our studies. Adrenal weights 
increased up to the end of the 6-day infusion period, suggesting that 
the hypertrophic effect was continuing. 


In Other AMA Journals 


ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 
Anal Cancer: Microscopic Condyloma and Tissue Demonstration of Human Papillomavirus 


Capsid Antigen and Viral DNA 


Jerome B. Taxy, MD; Prabodh K. Gupta, MD; Jean W. Gupta, PhD; Keerti V. Shah, MD 


Sixteen cases of squamous cell carcinoma of the anus, including 4 incidentally discovered in situ lesions, 
and 3 anal condylomas, were examined for the presence of human papillomavirus (HPV). All in situ tumors 
and 6 of the invasive tumors were associated with histologic changes typical of condyloma, despite the 
absence of clinical anogenital warts. Immunohistochemical studies for viral capsid antigen gave positive 
reactions in two anal warts and in the condylomatous area associated with one invasive tumor. In situ 
hybridization was accomplished using isotopic DNA probes for HPV 6/11, 16, 18, and 31. Human 
papillomavirus 6/11 was expressed in the corresponding capsid-positive regions in the two warts and the 
wart-associated invasive carcinoma. Both HPV 6/11 and HPV 16 were associated with one carcinoma in situ, 
and HPV 16 was also found within two invasive anal carcinomas, one of which was associated with an 
extensive vulvar cancer. While these observations do not resolve the “passenger” or direct oncogenic role for 
HPV in anal carcinoma, the circumstantial evidence is that the oncogenic influence is similar to that accepted 
for female genital tract cancer (Arch Pathol Lab Med. 1989;113:1127-1131). 

Reprint requests to Division of Pathology, Lutheran General Hospital, Park Ridge, IL 60068 (Dr Taxy). 
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How Supplied: Tablets, containing 20 mg or 40 mg famotidine, with 
hydroxypropyl cellulose, hydroxypropy! methylcellulose, iron oxides, 
magnesium stearate, microcrystalline cellulose, starch, talc, and 
titanium dioxide as inactive ingredients, in unit-of-use bottles of 30 
and unit-dose packages of 100; Oral Suspension, containing 40 mg 
famotidine per 5 mL after constitution with 46 mL Purified Water, 

with citric acid, flavors, microcrystalline cellulose and 
carboxymethylcellulose sodium, sucrose, and xanthan gum as 
inactive ingredients, and sodium benzoate 0.1%, sodium 
methylparaben 0.1%, and sodium propylparaben 0.02% added as 
preservatives, in bottles of 400 mg famotidine for constitution: 
Solution for intravenous injection, containing 10 mg famotidine per 
mL, with L-aspartic acid 4 mg, mannitol 20 mg, and Water for Injection 
q.s. 1 mL as inactive ingredients, and benzyl alcohol 0.9% added as b 
preservative to the multidose vial, as 10x2-mL single-dose vials and 
as 4-mL vials. 
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Anergic Patients Before Elective 


Surgery Have Enhanced Nonspecific 


Host-Defense Capacity 


Jose M. Tellado, MD; Betty Giannias; Bomi Kapadia; Louise Chartrand, RN; Mary de Santis, RN; Nicolas V. Christou, MD, PhD 


è Albeit anergy in patients before surgery is associated with 
an increase in septic-related complications and mortality, it is not 
clear whether this is due to a downregulated nonspecific host 
defense or a specific cellular immune defect. We studied poly- 
morphonuclear leukocyte neutrophil (PMN) function in 14 pa- 
tients who were admitted for elective surgery and compared 
them with 5 healthy controls. At admission, patients were classi- 
fied according to their delayed-type hypersensitivity skin test 
response into reactive or anergic groups. In vivo PMN delivery to 
skin windows, the plasma lactoferrin level, serum and skin win- 
dow fluid chemoattractant activity, and in vitro superoxide pro- 
duction were measured. Compared with reactive patients, aner- 
gic patients showed an increased cell delivery (8.7 x 10° PMNs 
per well vs 1.6 x 10° PMNs per well), an increased plasma lactofer- 
rin level (4.4 + 1.5 mg/L vs 3.1 + 0.8 mg/L), an increased chemoat- 
tractant capacity of serum and skin window fluid (38 + 21 cells per 
high-power field vs 16.8 + 7.2 cells per high-power field), and an 
increased superoxide production. We concluded that nonspecif- 
ic host defense, as reflected by PMNs, is enhanced in anergic 
patients before surgery and may not explain the increased sus- 
ceptibility to infection. 

(Arch Surg. 1990;125:49-53) 


geome before surgery who fail to respond to delayed- 
type hypersensitivity skin test antigens, so-called walk- 
in anergy (WA), constitute 18% of admissions for gastrointes- 
tinal surgery and have an increased incidence of mortality.’ 
The cause of death in more than 85% of the cases was major 
septic-related complications, as proved by autopsy data from 
the majority of cases. `” 

Although some specific (T-cell) and nonspecific (phagocytic 
cell) defects have been identified in mixed anergic patient 
populations,’ the exact role of nonspecific immunity in septic- 
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related mortality in patients with WA is not known. Prelimi- 
nary data of in vivo polymorphonuclear leukocyte neutrophil 
(PMN) delivery were above normal in patients before sur- 
gery, compared with healthy controls.‘ This is contrary to the 
previous hypothesis made on the basis of decreased PMN 
chemotaxis in such patients.° Furthermore, no data of in vivo 
PMN function exist for patients with WA. 

In this study, we analyzed PMN function in patients with 
WA, from blood and from exudative cells into skin windows, 
to determine whether or not there exist different populations 
of neutrophils at those sites with respect to the activation 
state. The data, presented herein, suggested that PMNs from 
patients with WA are primed for certain activities and are 
delivered to skin window chambers at increased rates. 


PATIENTS AND METHODS 
Patient Selection 


Patients, admitted for elective surgery, were included in this study 
following informed consent. This study was approved by the Ethics 
Review Committee of the Royal Victoria Hospital, Department of 
Surgery, McGill University, Montreal, Canada. Exclusion criteria 
were transfusion of blood or blood products, recent chemotherapy or 
radiotherapy, active infection, recent trauma, or recent surgery or 
steroid administration. 


Delayed-Type Hypersensitivity Skin Tests 


Skin tests were performed on the outer aspect of the upper arm or 
volar surface of the forearm. The five common antigens used were 
Candida (candidin, 1:100 dilution), mumps skin test antigen (undi- 
luted), purified protein derivative (5 TU), trichophytin, and strepto- 
kinase-streptodornase (Varidase, 100 U/mL). They were injected 
intradermally in a volume of 0.1 mL. A 0.1-mL saline solution control 
also was used. The two greatest diameters of the resulting induration 
for each antigen at 24 or 48 hours were measured, summed, and 
divided by two, and the resulting mean was recorded. The erythema 
that surrounded the induration was ignored. An antigen response 
was defined as positive if the mean diameter of the induration for that 
antigen was equal to or greater than 5 mm. Patients were then 
classified as reactive if they had two or more positive responses, as 
relatively anergic with one antigen response, and as anergic if they 
demonstrated no response to any antigen. 
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Cell Delivery to Skin Windows 


The skin window technique of Zimmerli et al was used. In brief, 
the volar surface of the forearm was shaved, if needed, and immedi- 
ately disinfected with 0.25% tincture of iodine and cleansed with 30% 
isopropyl alcohol. Blisters with a diameter of 5 mm were produced 
with a sterile suction unit that applied — 360 mm Hg for 1 hour. The 
blister roof was removed under sterile conditions, and the lesions 
were covered with an eight-well polycarbonate chamber. Each well 
was filled with 0.8 mL of 75% pooled human serum in Hanks’ balanced 
salt solution (HBSS) that was calcium and magnesium free. This was 
previously proved to be free of bacteria, and it was negative for 
hepatitis B surface antigen and human immunodeficiency virus. Cells 
were harvested 16 to 18 hours later by aspirating the contents of the 
chambers, followed by two additional washings with HBSS. Trypan 
blue exclusion showed greater than 95% viability, and a nonspecific 
esterase stain showed less than 3% monocytes. An aliquot of the skin 
window fluid was used for counting PMNs by using a hemocytometer. 
Another aliquot was cultured to verify sterility, and the rest of the 
fluid was centrifuged at 400g for 10 minutes, and the supernatant was 
used for chemotactic studies. The cell pellet was resuspended in 
HBSS with calcium and magnesium at a concentration of 5 x 10° 
PMNs per milliliter and used for the PMNs that were studied and 
described below. 


Circulating PMN Isolation 


Whole blood was drawn in preservative-free heparinized tubes. 
After sedimentation in 10% dextran 70, the leukocyte-rich superna- 
tant was centrifuged at 400g for 10 minutes, the supernatant was 
discarded, and the pellet was resuspended in HBSS, washed once 
under the same conditions and layered on a Hypaque-Ficoll gradient 
(Pharmacia Laboratories, Piscataway, NJ), and centrifuged at 700g 
for 25 minutes. The pellet was resuspended in HBSS, the remaining 
red blood cells were lysed with distilled water, and hypertonic saline 
solution (3.6%) was added to adjust the salinity to 0.9%. The PMNs 
were washed twice with HBSS, counted, and resuspended in phos- 
phate-buffered saline solution, pH 7.4, or in HBSS plus calcium and 
magnesium according to specific protocols. 


Serum and Skin Window Fluid Chemoattractant Activity 


The fluid that was recovered from the skin window chambers, as 
well as autologous serum from the same patient, was assayed for 
chemoattractant capacity with PMNs from normal healthy subjects. 
Each sample was tested in quadruplicate by a modification of the 
48-well technique of Falk et al.” Briefly, 0.1 mL of a prewarmed 
normal PMN suspension (1 x 10° PMNs per milliliter) was added to 
the top well of a 48-well assembly that was separated into upper and 
lower chambers by a 10-ym-thick filter (Nuero Probe Inc, Cabin 
John, Md) with a 3-um pore size. The bottom well contained 25% 
prewarmed serum or skin window fluid that previously was stored at 
— 70°C. The chambers were incubated at 37°C in a 5% carbon dioxide 
atmosphere for 30 minutes; filters were removed, fixed, and stained 
with hematoxylin-eosin. The cells that reached the opposite side of 
the filter were counted, and chemotaxis was expressed as the number 
of cells per high-power field that had migrated to the opposite side of 
the filter. We used pooled zymosan-activated serum that was pre- 
pared from healthy subjects and stored at — 70°C as a positive chemo- 
taxis control. 


Superoxide Production Measurements 


Superoxide production was based on the inhabitable reduction of 
cytochrome c¢ by superoxide anion. The specificity of the reduction 
was verified by its inhibition by superoxide dismutase.* The PMNs, 
5x 10°, were added to each well of flat-bottomed microtiter plates 
(Microtest III, Falcon, Lincoln Park, NJ) that contained 160-mmol/L 
solution of ferrycytochrome c with or without phorbol myristate 
acetate (100 ng/mL). Plates were incubated for 30 minutes at 37°C ina 
humidified incubator with 5% carbon dioxide on a microshaker. Blank 
wells contained cytochrome c and superoxide dismutase at 300 U/mL. 
Readings were taken on a reader (Titertek Multiskan Plus MKII, 
Flow Laboratories Inc, Mississauga, Ontario) at 550 nm. Optical 
densities were transformed into nanomoles by using an extinction 
coefficient of 21 x 10°M~* cm~'. The final results were expressed in 
nanomoles per microgram of total protein content (determined by the 
Coomassie blue method). 
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Table 1.—Admitting Diagnoses of Patients 
Used in This Study* 


Patient Type Age, y Diagnosis 
Pleural effusion 


Cancer of pancreas 
Inguinal hernia (complicated) 


Cirrhosis of liver 
Cancer of colon 

Breast cancer 

Chronic pancreatitis 
Cancer of pancreas 
Cirrhosis of liver 
Retained CBD stones 
Chronic duodenal ulcer 
Gastric ulcer 





*WR indicates patients with walk-in reactive responses; WA, patients with 
walk-in anergy; and CBD, common bite duct. 


Variable 
APACHE II score 


C-reactive protein, 
arbitrary U 


a,-Antitrypsin, g/L 
Serum albumin, g/L 38+2 
PMN count 5.3+3.7 


*LC indicates laboratory controls; WR, patients with walk-in reactive re- 
sponses; WA, patients with walk-in anergy; APACHE, acute physiology and 
chronic health evaluation; and PMN, polymorphonuclear leukocyte neutrophil. 

TWA vs WR, P<.01. 


van 6.3+2.8 6.3+3.7 


3.6+3.3 
2.8+0.6 


6.6+5.3T 





2.4+0.7 





Lactoferrin Measurements 


Lactoferrin, as a marker of secondary granules, was determined by 
the enzyme-linked immunosorbent assay.” In essence, 96-well micro- 
titer plates were incubated overnight with 100 uL of rabbit IgG 
antihuman lactoferrin (Cappel, Organon Teknica Inc, Scarborough, 
Ontario). After an extensive plate washing with 0.0005% phosphate- 
buffered saline solution (Tween 20), triplicates of two different dilu- 
tions per sample were added and incubated for 60 minutes at 37°C. 
Rabbit anti-human lactoferrin, labeled with peroxidase, was added. 
After further incubation of 60 minutes, plates were washed six times 
with 0.0005% phosphate-buffered saline solution (Tween 20), peroxi- 
dase substrate (o-phenylenediaminedihydrochloride) was added, and 
the reaction was stopped after 15 minutes with 8N H,SO,. Plates 
were read at 490 nm by using a buffer blank. Optical densities were 
transformed to micrograms of lactoferrin per milliliter from a stan- 
dard curve, developed with purified human lactoferrin (Calbiochem, 
La Jolla, Calif). 


Statistical Analysis 


Data were analyzed by using the BMDP-PC system (BMPD Statis- 
tical Software Inc, Los Angeles, Calif) with the use of unpaired t tests 
when two groups of continuous variables were examined. Two-way 
analysis of variance with Bonferroni-corrected t tests were applied to 
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10° PMNs per Well 


Fig 1.—Polymorphonuclear leukocyte neutrophil (PMN) delivery 
(mean + SD) to skin window chambers at 16 to 18 hours after creation 
of the blister lesions. Each well of the skin window chamber was filled 
with 0.8 mL of pooled human serum. LC indicates laboratory controls; 
WR, patients with walk-in reactive responses; WA, patients with walk- 
in anergy; one asterisk, WR vs WA, P<.02; and two asterisks, WA vs 
LC, P<.03. 
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Fig 2.—Chemoattractant capacity for control polymorphonuclear leu- 
kocyte neutrophils of autologous serum or skin window fluid. In vitro 
chemotaxis of 10° normal polymorphonuclear leukocyte neutrophils 
was assayed by using, as chemoattractant, 25% autologous serum 
( shaded bars) or 25% skin window fluid (hatched bars). ZAS indicates 
zymosan-activated serum as a positive control (closed bar); HPF, 
average + SD of 12 high-power fields counted under microscope per 
sample; LC, laboratory controls; WR, patients with walk-in reactive 
responses; WA, patients with walk-in anergy; one asterisk, WA vs WR, 
P<.05 by analysis of variance; and two asterisks, LC vs WA, P<.001 
by analysis of variance. 


the analysis of three groups of continuous variables. Data are shown 
as mean + SD. 


RESULTS 


The admitting diagnosis and age of the patients are shown 
in Table 1. There were seven women and seven men in this 
study. The healthy controls (three men and two women) had a 
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Fig 3.—Plasma lactoferrin values (mean + SD) as a marker of in vivo 
polymorphonuclear leukocyte neutrophil activation. LC indicates lab- 
oratory controls; WR, patients with walk-in reactive responses; WA, 
patients with walk-in anergy; and one asterisk, WA vs LC, P<.001 by 
analysis of variance. 


mean + SD age of 28+8 years. Table 2 shows additional vari- 
ables measured in this study. Patients with walk-in reactive 
(WR) responses and patients with WA showed similar 
APACHE II scores (mean+SD, 6.3+2.8 in patients with 
WR responses vs 6.3+3.7 in patients with WA), indicating 
that the two populations were not undergoing any detectable 
“acute event,” such as trauma, sepsis, etc. Despite this, there 
was a significant increase in the C-reactive protein value (an 
inducible hepatic protein and indicator of inflammatory pro- 
cesses)” in patients with WA who had values of 6.6 +5.3 
compared with 3.6+3.3 in patients with WR responses 
(P<.01). 

Delivery of PMNs to the skin windows, a technique that 
approximates in vivo PMN migration to inflammatory sites is 
shown in Fig 1. Patients with WA delivered 8.7+5.3 x 10° 
PMNs per well compared with 1.6 + 1.3 x 10° PMNs per well 
in patients with WR responses (P<.02). Patients with WR 
responses delivered PMNs at the same rate as healthy con- 
trols. To see whether this could be explained in part by serum 
factors or locally generated chemoattractants, we examined 
the chemotactic response of normal healthy PMNs to patient 
serum and skin window fluid. Data are shown in Fig 2. The 
serum in the patients with WA drew 2.4 times more PMNs 
into the opposite side of the filter compared with the serum in 
the patients with WR responses (38 + 21 cells per high-power 
field vs 16.8 +7.2 cells per high-power field [P<.05]), and the 
results were closely mirrored by the skin window fluid. 

Finally, to assess whether or not PMN priming had taken 
place in vivo, we analyzed plasma lactoferrin levels (Fig 3). 
The plasma lactoferrin level was significantly higher in pa- 
tients with WA (4.4+ 1.5 mg/L [P<.001]) compared with the 
level in patients with WR responses or healthy controls 
(3.1+0.8 and 1.7+0.5 mg/L, respectively). Superoxide anion 
production by circulating PMNs after exposure to phorbol 
myristate acetate is shown in Fig 4 and for exudative PMNs in 
Fig 5. There is a graded increase of superoxide production in 
circulating PMNs, going from healthy controls to the patients 
with WA both in the rate and total superoxide produced after 
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Fig 4.—In vitro superoxide production by circulating polymorphonu- 
clear leukocyte neutrophils (PMNs). Rate of O,” released by circulat- 
ing PMNs after stimulation with phorbol myristate acetate (100 ng/mL). 
LC indicates laboratory controls (diamonds); WR, patients with walk-in 
reactive responses (open squares with dots); WA, patients with walk- 
in anergy (closed squares). 


60 minutes. After exudation, PMNs from all three subject 
groups (laboratory controls, patients with WR responses, 
and patients with WA) produced more superoxide than circu- 
lating neutrophils. The same gradation in the superoxide 
maximum rate of production was seen with exudative PMNs 
and was higher in patients with WA (0.8+0.2 nmol/yg of 
PMN protein ) compared with that in patients with WR 
responses (0.7 + 0.2 nmol/g of PMN protein) although statis- 
tical significance was not achieved. 


COMMENT 


Anergy is a marker of increased mortality in patients who 
undergo surgery. We and other investigators have measured 
abnormal PMN chemotaxis in vitro in trauma patients and in 
patients with sepsis who were also anergic. A hypothesis was 
put forth based on such measurements wherein neutrophil 
function is “abnormal” in such patients and predisposes to 
mortality from sepsis. This simplification of specific and non- 
specific immune capacity does not explain more recent data. 
For example, in vitro PMN adherence and chemotaxis are 
normal in patients who undergo elective surgery, irrespec- 
tive of the delayed-type hypersensitivity response, whereas 
in trauma or otherwise “activated” patients or in patients 
with sepsis, PMN adherence and chemotaxis are uniformly 
elevated and does not parallel the delayed-type hypersensi- 
tivity response but the “activation” event in any particular 
patient.” 

The present data suggest that nonspecific immunity of 
patients with WA demonstrates a “stimulation” effect in that 
PMNs accumulate in inflammatory sites at higher numbers 
compared with patients with WR responses. This phenome- 
non was associated with increased PMN degranulation and 
increased production of oxygen-derived free radicals from 
PMNs of these patients. Furthermore, the PMN chemotactic 
potential of autologous serum, as well as that of locally modi- 
fied skin window fluid, is increased in patients with WA. 

It is becoming apparent that PMNs can exhibit different 
states of reactivity. Primed PMNs by definition manifests a 
greater response to second stimuli either the same as or 
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Fig 5.— Superoxide anion production in nanomoles per microgram of 
polymorphonuclear leukocyte neutrophil (PMN) protein (mean 
+ SD) produced in 30 minutes after stimulation with phorbol myristate 
acetate (100 ng/mL) by exudative PMNs obtained from the skin win- 
dow chambers. LC indicates laboratory controls; WR, patients with 
walk-in reactive responses; and WA, patients with walk-in anergy. 


different that caused priming. Various humoral factors have 
been implicated in PMN priming, such as stress hormones,” 
macrophage products,“ bacterial membrane components,” 
and active complement components. Some of these are gener- 
ated during regulatory physiologic situations, whereas others 
arise following tissue damage, tissue necrosis, or bacterial 
invasion. 

These triggering events have different clinical implica- 
tions: an adaptive host response or an accentuation of PMN 
destructive capabilities. Patients with WR responses and 
patients with WA had similar clinical conditions, and their 
APACHE II scores indicated a lack of overt alterations in 
their physiology; however, patients with WA showed a rise in 
their acute-phase proteins, such as C-reactive protein and a 
lower serum albumin, compared with the patients with WR 
responses. This indicates a “low-grade” acute-phase response 
in patients with WA. Whether or not this is related to the 
PMN priming detected in this study and whether this is a 
beneficial adaptive response is not yet known. The data do not 
support the hypothesis that patients with WA have a defec- 
tive PMN function that may predispose to bacterial sepsis. 
They are compatible, however, with the notion that anergic 
patients in whom sepsis develops die more often due to an 
“overstimulation” of PMN function, leading to tissue injury 
and multiple-organ failure. The determinination of the cor- 
rect hypothesis will require additional studies. 


This study was supported in part by a grant from the Medical Research 
Council of Canada. 
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Discussion 


PAUL WAYMACK, MD, San Antonio, Tex: The authors have pro- 
vided support for the concept that, under certain conditions, downre- 
gulation of certain parts of the immune system may be beneficial. 

I can identify no major problems with the methodology or the 
results and and will ask the authors about additional data that will 
help in evaluating their conclusions. 

First, the authors have reported in their manuscript that the 
superoxide anion production is increased and that the lactoferrin 
levels are increased in the anergic patient. One would therefore 
assume that the only metabolic route of the oxygen radicals leads to 
the production of hypochlorous acid and chloramines. Do they have 
data to confirm this? 

Second, if this is indeed true, the fact that the authors found similar 
levels of «,-antitrypsin in the anergic and the reactive patients may 
not give a clear indication of the clinical situation. If there are higher 
levels of the hypochlorous acid in the anergic patients, much of the 
a,-antitrypsin may have been inactivated, and the neutrophil prote- 
ases in the anergic patients may then be able to “run wild” and cause 
massive tissue destruction. Have they evaluated that possibility? 

Finally, if this is indeed the case, and there is increased tissue 
destruction in the anergic patient, does this lead to the multisystem 
organ failure and to the increased mortality rate that their university 
has previously reported to occur in patients undergoing surgery who 
are anergic? 

JOHN MANNICK, MD, Boston, Mass: I think this is an interesting 
study, and I just want to ask the authors if I have got the conclusions 
straight. My recollection is that 10 years ago this group concluded 
that anergy was, in fact, a sort of paraphenomenon, ie, it was an 
accompanying finding that indicated a bad outcome and failure of 
resistance to sepsis but that failure of resistance to sepsis was caused 
by an impaired function of neutrophils. 

Is this now not the authors’ view? I gather from the presentation 
that they may have changed their minds about that. If that is the case 
and granted that activated neutrophils, are probably bad for the 
pulmonary capillary membranes, is there any reason to think from 
data currently available that in a patient with adequate numbers of 
circulating neutrophils, these cells do not fulfill their bacteriostatic 
role? If that is the case, what is the problem in these anergic patients? 
Is it impaired cellular immunity? 

Many of us have spent a lot of time showing that there are defects of 
lymphocyte and monocyte functions in these patients. With regard to 
lymphocytes, of course, we now have a clinical model to look at the 
absence of functioning T4 cells, namely, in patients with acquired 
immunodeficiency syndrome. As John L. Hunt, MD, Dallas, Tex, 
pointed out at the American Surgical Meeting, , patients with ac- 
quired immunodeficiency syndrome just do not die of the sorts of 
organisms that are killing patients in our intensive care units who do 
not have acquired immunodeficieny syndrome. 

So I am really asking a philosophic question, I guess. What does Dr 
Tellado’s group now think is wrong with these anergic patients? Why 
are they dying of infection? 

E. DEITCH, MD, Shreveport, La: This will be just a quick question. 
My concept of an activated neutrophil is one in which chemotaxis is 
decreased, while other functions, such as oxygen concentration, are 
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increased. Generally, when one has increased superoxide formation, 
one does not have an increased chemotactic response. So, I wonder 
how the authors would explain that. 

I also wonder if the authors have done any studies in which they 
have looked at receptor expression? Because if CR-1 or CR-3 recep- 
tor expression is increased, then one might be able to have a better 
understanding of what is going on. 

ROBERT A. MUSTARD, JR, MD, Toronto, Canada: Could the au- 
thors tell us something about the clinical situation of their patients 
with WA? Are these patients with malignant neoplasms of the gastro- 
intestinal tract? Are these malnourished patients? Why are they 
anergic? 

DR TELLADO: Dr Waymack, other than the superoxide anion, we 
have not measured oxygen-derived free radicals produced by acti- 
vated PMNs. Although hydrogen peroxide, hypochlorous acid, chlo- 
rine, and hydroxyl radicals have been associated extensively with 
tissue injury when released by PMNs, the synergistic action of 
superoxide and lactoferrin is extremely toxic in the concentration 
that we observed in cell-to-cell proximity. 

The second question concerned tissue destruction after priming. 
Whether or not free radical production has a cause-effect relationship 
with multiple-organ failure and tissue injury is presently not clear. 
Other mediators, such as split complement factors, platelet products, 
cytokines, and arachidonic acid, also have been implicated. Addition- 
al studies should be established that involve, for example, lipid 
peroxidation, consumption of natural antioxidants, and intracellular 
damage, before any therapeutic implementation can be contem- 
plated. 

The third question relates to a,-antitrypsin. The decrease of this 
acute-phase protein in the patients with WA can be interpreted as a 
consumption rather than a lack of production. The former is probable 
since another inductible acute-phase protein (C-reactive protein) was 
increased and because a,-antitrypsin is a proteinase inhibitor that is 
released also after PMN activation. However, a selective reprioriti- 
zation of the hepatic protein synthesis by a particular cytokine cannot 
be ruled out. 

Dr Mannick, we are presently dealing with a group of stable 
patients without trauma or infection before they were to undergo 
surgery, whereas in our previous publications, a mixed population of 
critically ill patients after surgery was used. Whether on the ward 
(WA) or in the surgical intensive care unit (“hospital anergy”), aner- 
gic patients share an increasing rate of septic-related complications 
and associated mortality. In the present study, we found a primed 
PMN state in patients with WA, not previously described, that 
motivated us to hypothesize that patients with WA have upregulated 
rather than immunodepressed PMNs. 

Dr Deitch inquired about receptor analysis. We are studying PMN 
surface receptors both in whole blood or after PMN isolation. We 
hope to report next year that our hypothesis of a primed function in 
patients with WA is correct. 

Dr Mustard asked for the diagnosis of these patients. It is a 
population of stable, nontramatized, nonseptic patients with differ- 
ent diagnoses, such as gastric and duodenal ulcers, pancreatic cancer, 
ete. 
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Your investment 
in ZINACEF is 
Starting to pay off. 








Your choice of ZINACEF for surgical prophylaxis is an 
investment that can yield outstanding returns in lower 
postop infection rates, shortened hospital stays, and an 
improved bottom line for your patients. 
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Significant success against staphylococci 

In arecent study, ZINACEF was shown to be 
“significantly more effective...than cefazolin in 
preventing postoperative wound infections following 
open-heart surgery”'—especially against Staphylococcus 
aureus and S epidermidis. 
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Reduces postoperative complications— 

infectious and financial 

A recent nationwide analysis revealed that each 
postoperative wound infection represents a 
nonreimbursable loss to a hospital of $2467, on average? 
By reducing the rate of infection, ZINACEF can help 
reduce these losses. 


I. Slama TG, Sklar SJ, Misinski J, et al: Randomized comparison of cefamandole, cefazolin, and cefuroxime 
prophylaxis in open-heart surgery. Antimicrob Agents Chemother 1986;29:744-747. 

2. Haley RW, White JW, Culver DH, et al: The financial incentive for hospitals to prevent nosocomial infections 
under the prospective payment system. JAMA 1987257:161I-16K4. 
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Accelerated Lung Amino Acid Release in 


Hyperdynamic Septic Surgical Patients 


Donald A. Plumley, MD; Wiley W. Souba, MD, ScD; R. Dean Hautamaki, MD; Tomas D. Martin, MD; 
Timothy C. Flynn, MD; W. Robert Rout, MD; Edward M. Copeland III, MD 


e Amino acid flux across the lungs was studied in humans to 
gain further insight into the altered nitrogen metabolism that 
characterizes catabolic disease states. Lung flux of glutamine, 
glutamate, and alanine was determined in three groups of surgi- 
cal patients with indwelling pulmonary artery catheters: (1) pre- 
operative controls (n= 14), (2) postoperative elective general 
surgical patients (n = 10), and (3) hyperdynamic septic surgical 
patients (n = 17). In controls the lung was an organ of amino acid 
balance. These exchange rates did not change in general surgi- 
cal patients. In the septic group, glutamine release by the lung 
increased markedly from a control value of 0.80 + 0.99 „mol/kg 
per minute to 6.80 + 1.32 mol/kg per minute. This accelerated 
release rate was secondary to both an increase in total pulmo- 
nary blood flow and an increase in the pulmonary artery—syste- 
mic arterial concentration difference. The lung also became an 
organ of significant alanine release in septic patients. The lung 
plays an active metabolic role in the processing of amino acids 
and may be a key regulator in interorgan nitrogen flux after major 
injury and infection. 

(Arch Surg. 1990;125:57-61) 


C atabolic diseases such as major trauma and sepsis are 
characterized by an accelerated release of amino acids 
from skeletal muscle.' Glutamine and alanine transport 60% of 
the amino acid nitrogen exported by muscle.* Glutamine is 
consumed by the gastrointestinal tract, where it is used as a 
fuel**: by the kidneys, where it supports renal ammoniagene- 
sis’; and by lymphocytes.* Alanine is consumed primarily by 
the liver, where it is used, in part, to support the accelerated 
gluconeogenesis that characterizes critical illness.” 

Although skeletal muscle is generally regarded as the pri- 
mary producer of glutamine and alanine in normal and cata- 
bolic states, animal studies in our laboratory have recently 
described a role for the lung in amino acid exchange. For 
example, in the postabsorptive rat the lungs appear to release 
as much glutamine as skeletal muscle does (W.W.S. and 
D.A.P., unpublished data, 1989). Although the arteriovenous 
concentration difference across the hindquarter is greater 
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than the right ventricular-systemic arterial concentration 
difference, net lung glutamine release is similar to skeletal 
muscle release because of the high flow of blood through the 
lungs. 

Because of the relative simplicity with which lung sub- 
strate flux can be determined in patients with indwelling 
pulmonary artery (PA) catheters, glutamine and alanine flux 
across the lungs was determined in three groups of surgical 
patients: (1) preoperative controls, (2) postoperative general 
surgical patients (studied on the first postoperative day after 
an elective abdominal operation), and (3) hyperdynamic sep- 
tic surgical patients. The results demonstrated that the lungs 
play a central role in the processing of circulating amino acids 
and appear to be a key regulator of glutamine and alanine flux 
during critical illness. To our knowledge, this role has not 
been previously described. 


PATIENTS AND METHODS 
Patient Eligibility Criteria 


Surgical patients admitted to the Shands Hospital at the Universi- 
ty of Florida, Gainesville, or the Gainesville Veterans Administration 
Hospital were eligible to participate in this study. The study protocol 
was approved by the Institutional Review Board at the University of 
Florida and by the Subcommittee for Clinical Investigation at the 
Veterans Administration Hospital. The patients who participated in 
the study were carefully chosen so that they fit into one of three 
groups of patients (Table 1). Group 1 consisted of preoperative con- 
trol patients who required a PA catheter (Swan-Ganz 7.5 F thermodi- 
lution catheter, Model 93-A931H-7.5F, American Edwards Inc, Divi- 
sion of AHS Del Caribe, Anasco, Puerto Rico) and a radial artery 
catheter preoperatively for perioperative monitoring. These cathe- 
ters were placed the night before surgery, and the patient spent the 
night in the surgical intensive care unit. A portable roentgenogram 
verified the position of the catheter in the pulmonary artery. Blood 
samples from the PA and radial artery catheters were obtained and 
blood flow measurements were made the next morning between 7 and 
8 AM (after a 12-hour fast) before transport of the patient to the 
operating room. These patients included patients who were to under- 
go coronary artery bypass grafting and those who required a general 
anesthetic for a general surgical/vascular procedure that required 
hemodynamic monitoring. Eligibility criteria in this control group 
included no evidence of pneumonia, cancer, or other acute abnormali- 
ty on the preoperative chest roentgenogram; no significant weight 
loss; no history of insulin-dependent diabetes; no evidence of meta- 
static malignant disease; and normal renal and hepatic function. 

The second group of patients were general surgical patients who 
had a PA catheter inserted intraoperatively for postoperative moni- 


Lung Amino Acid Flux in Sepsis—Plumleyetal 57 


Table 1.—Patient Eligibility Criteria* 


Group Patient Definition Study Characteristics 


Preoperative “Healthy” preoperative NPO after midnight; 
controls patients; no signifi- D5W and electrolytes 
(n= 14) cant weight loss; no at 1-2 mL/kg of BW 

acute abnormality per hour; studied be- 
on preoperative tween 7 and 8 am on 
chest roentgeno- morning of surgery 
gram; no evidence 

of metastatic malig- 

nant disease; no evi- 

dence of renal or he- 

patic insufficiency; 

no insulin-dependent 

diabetes 


Patients undergoing 




































General NPO; D5W and electro- 







surgery abdominal surgery lytes at 1.5-2 mL/kg 
patients under general anes- of BW per hour; stud- 
(n= 10) thesia; if patients ied between 7 and 10 






am on POD 1; hemo- 
dynamically stable in 
postoperative period 


had a diagnosis of 
cancer, there was no 
evidence of metasta- 
ses by preoperative 
workup or at opera- 
tion 


1st clinically evident 















Patients with NPO or no TPN for at 









hyperdynamic septic episode (5 least 6 h; DSW and 

sepsis burn patients, 12 electrolytes at 1.5- 

(n=17) surgical patients with 2.5 mL/kg of BW per 
sepsis of nonpulmo- hour; studied within 
nary origin); immedi- 24 h of PA catheter 
ate placement of PA placement 






catheter; no evi- 
dence of pneumonia 
or ARDS at time of 
study 







*NPO indicates nothing by mouth; D5W, 5% dextrose in water; BW, body 
weight; POD, postoperative day; PA, pulmonary artery; ARDS, adult respiratory 
distress syndrome; and TPN, total parenteral nutrition. 


toring after a major abdominal procedure. Included in this group 
were healthy patients with no significant weight loss who underwent 
procedures such as colectomy, cholecystectomy, and antrectomy. 
Some of the patients studied in this group had cancer, but none was 
found to have evidence of metastatic disease (at operation and/or by 
preoperative workup). They were studied on postoperative day 1 
between 7 and 10 AM. All of these patients had stable vital signs 
during the entire first postoperative day. 

The third group of individuals studied were general surgical pa- 
tients in the surgical intensive care unit (n= 12) or in the burn unit 
(n=5) who were studied during their first episode of clinically evident 
sepsis. Signs used as indications of systemic infection included confu- 
sion/obtundation, hyperglycemia, hemodynamic instability, and/or a 
sudden fall in urine output. Fever, leukocytosis, and positive blood 
cultures were not absolute requirements for entry into this group, 
although they were commonly observed. With clinical evidence of 
systemic infection, a PA catheter was inserted. To be included in the 
hyperdynamic septic group, data obtained after placement of the PA 
catheter had to verify a high cardiac output and a low systemic 
vascular resistance consistent with sepsis. All of these patients were 
studied at a time when their chest roentgenograms had not changed 
significantly from the previous ones. Patients with roentgenographic 
evidence of pneumonia or adult respiratory distress syndrome 
(ARDS) were excluded from this group. 


Study Procedure 


All patients were studied between 7 and 10 AM. In the preoperative 
controls and the postoperative day 1 general surgical (POD 1 GS) 
patients, the intravenous fluids administered consisted of 5% dex- 
trose and electrolytes in water, administered at a rate of 1 to 2 mL/kg 
of body weight per hour. Patients in the hyperdynamic group were 
studied within 24 hours of pulmonary artery catheter placement and 6 
to 12 hours after their last oral intake or at least 6 hours after 
discontinuation of intravenous feedings with hypertonic dextrose and 
amino acids. At the time of the study, they received 5% dextrose and 
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electrolytes in water at 1.5 to 2.5 mL/kg of body weight per hour. 
Pulmonary artery blood flow (cardiac output) was measured by 
thermodilution, and the average of three measurements was re- 
corded. Immediately before determination of PA blood flow, PA and 
radial artery blood samples (2 mL) were obtained and analyzed in 
duplicate for glutamine, alanine, glutamate, and ammonia. Lung 
amino acid exchange was calculated by multiplying total pulmonary 
blood flow by the PA-radial artery (PA-A) concentration difference. 


Sample Collection and Processing 


The blood samples were placed on ice immediately after collection. 
Samples were promptly deproteinized with 10% perchloric acid, neu- 
tralized to a pH of 6.8 with tripotassium phosphate buffer (0.52 mol/L) 
and frozen at — 20°C for amino acid analysis. Glutamine, glutamate, 
and alanine concentrations were determined by microfluorometric 
enzymatic assay adapted from the method described by Bergmeyer” 
with the use of a fluorometer (Turner model 112, Sequoia-Turner 
Corp, Mountain View, Calif). Whole-blood ammonia level was deter- 
mined in four patients in each study group and was measured by a 
modified microdiffusion technique” with the use of a spectrophotome- 
ter (Zeiss Spektralphotometer PM6, Carl Zeiss Corp, Oberkochen, 
West Germany). 


Statistical Analysis 


Analysis of variance” was used to compare the three patient 
groups. All PA-A concentration differences were analyzed for statis- 
tical difference with zero to determine uptake or release of the amino 
acid. Substrate exchange (flux) was determined by multiplying blood 
flow by the concentration difference across the lung, and flow and flux 
measurements were divided by the body weight of the patient and 
expressed per kilogram of body weight. 


RESULTS 
Pulmonary Blood Flow 


Pulmonary blood flow (Table 2) was 64+4 mL/kg of body 
weight per minute in preoperative controls and was increased 
by 20% after a major abdominal operation (78+4 mL/kg of 
body weight per minute; P<.05). Pulmonary blood flow in- 
creased by 73% above the preoperative control value to 
111 +7 mL/kg of body weight per minute in the hyperdynamic 
septic surgical patients (P<.001) (Fig 1). 


Blood Amino Acid Concentrations 


Whole-blood arterial concentrations of amino acids are 
shown in Table 2. The arterial glutamine concentration in 
preoperative control patients was 5389+31 pmol/L, a value 
that decreased by 17% in POD 1 GS patients to 449+ 
22 mol/L (P<.05). In septic patients the arterial glutamine 
concentration was similar to control values. The PA gluta- 
mine concentration in the preoperative controls was 525+ 
34 mol/L, a value that decreased, although not significantly, 
in both the POD 1 GS patients (436 + 25 pmol/L) and the septic 
patients (473 + 48 pmol/L). Arterial glutamate concentration 
was increased in septic patients, but there was not a signifi- 
cant difference in arterial alanine concentration (Table 2). 


PA-A Concentration Differences 


The PA-A concentration differences for glutamine, gluta- 
mate, and alanine were not significantly different from zero in 
the preoperative controls and POD 1 GS patients. In the 
septic patients the glutamine PA-A concentration difference 
was —79+20 pmol/L (P<.01 compared with controls and 
POD 1 GS patients), while the alanine PA-A concentration 
difference was —32+11 pmol/L (P<.05 compared with con- 
trols and POD 1 GS patients) (Table 2). 


Amino Acid Flux 


Substrate flux across the lung was significantly increased 
after an acute episode of sepsis (Table 2, Fig 2). In controls the 
lung was an organ of slight glutamine release (—0.80+ 
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Table 2.—Arterial (Art) Concentrations, Pulmonary Artery—Systemic Arterial (PA-Art) Concentration Differences, 





and Lung Flux of Amino Acids* 






Group Art, 
Amino Acid (n) pmol/L 
Glutamine Preoperative (14) 539 +31 
POD 1 GS (10) 449 + 22t 
Septic (17) 556 + 48} 
Glutamate Preoperative (14) 51+10 
POD 1 GS (10) 76+15 
Septic (17) 89+ 13T 
Alanine Preoperative (14) 327 +25 
POD 1 GS (10) 359 +31 
Septic (17) 360 +39 


PA-Art, Lung Flux, 

pmol/L mol/kg of BW/min 
—10+17 —0.80+0.99 
—9+7 —0.97+0.43 
—79+ 20§T'| — 6.80 + 1.32)9 
-1+2 — 0.01 +0.22 
—2+2 —0.29+0.23 
—3+3 —0.18+0.29 
—1+16 —0.05+ 1.04 
—6+12 —0.77+1.17 
—32+11T#§ —3.70+1.24ft 


*BW indicates body weight; POD, postoperative day; and GS, general surgery. Data are expressed as mean + SEM. Negative flux indicates release. 


tP<.05 vs preoperative. 

+P<.05 vs POD 1 GS. 
§Significantly different from zero. 
\|P<.01 vs POD 1 GS. 

§{P<.01 vs preoperative. 


Pulmonary Blood Flow, mL/kg of BW/min 





Preoperative POD 1 GS Septic 
Control 
Fig 1.— Pulmonary blood flow. BW indicates body weight; POD, post- 
operative day; and GS, general surgery. Asterisk indicates P<.05 vs 
control; dagger, P<.001 vs control and POD 1 GS. 
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Glutamine Alanine 


Fig 2.—Lung release of glutamine and alanine in the preoperative 
control (black bars), postoperative day 1 general surgical (hatched 
bars), and septic (gray bars) groups (adapted from Table 2). Asterisk 
indicates P<.01 vs preoperative and general surgical groups; dagger, 
P<.05 vs preoperative and general surgical groups. 


0.99 pmol/kg of body weight per minute) and alanine balance 
(—0.01 + 0.22 pmol/kg of body weight per minute). These flux 
rates did not change significantly after a general surgical 
procedure (glutamine flux, —0.97+0.43 pmol/kg of body 
weight per minute; alanine flux, —0.77+1.17 pmol/kg of 
body weight per minute). 

In the acutely septic patient, the lung was an organ of net 
amino acid production, releasing glutamine at a rate of 
6.80 + 1.32 pmol/kg of body weight per minute (P<.01 com- 
pared with controls and POD 1 GS patients). This increased 
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release was due to both an increase in the concentration 
difference and lung blood flow. Alanine was released by the 
lung at arate of 3.70 + 1.24 mol/kg of body weight per minute 
(P<.05 compared with preoperative controls and POD 1 GS 
patients). As with glutamine, the accelerated release of ala- 
nine by the lungs in septic patients was due to both an increase 
in pulmonary blood flow and an increase in the concentration 
difference. 

When lung glutamine release in the 12 general surgery 
septic patients was compared with that of the 5 septic burn 
patients, there was no difference between these two groups 
(release rate, 8.98+1.7 pmol of glutamine per kilogram per 
minute in the septic burn patients and 5.89 + 1.4 pmol/kg per 
minute in the general surgery septic group; not significant). 
These efflux rates are not different between these two 
groups, but both are different from the control value (P<.05). 
Similar observations were made with alanine. 


Ammonia Flux 


The flux of ammonia was determined in four patients in 
each group (data not shown). Arterial ammonia was not sig- 
nificantly different between groups. Preoperative control and 
POD 1 GS patients demonstrated balance of ammonia across 
the lungs, while septic patients demonstrated consistent am- 
monia uptake (mean, 1.3 mol/kg of body weight per minute). 
Statistical analysis was not performed due to the small sample 
size. 

COMMENT 


In this study the role of the lungs in amino acid exchange 
was studied to gain further insight into the alterations in 
interorgan glutamine and alanine exchange that are charac- 
teristic of catabolic disease states. We chose to study the 
lungs for three reasons. First, careful flux studies from our 
laboratory that quantitatively compared glutamine release 
by skeletal muscle and glutamine uptake by visceral organs 
indicated that balance between these organs does not occur, 
suggesting that another organ or organs release glutamine to 
help maintain homeostasis. Second, preliminary data from 
our laboratory using a rat model indicated that the concentra- 
tion of glutamine in right ventricular blood was generally 
lower than the concentration of glutamine in the aorta, sug- 
gesting that the lung is an organ of net glutamine release. 
Third, the use of a PA catheter and a radial arterial line for 
perioperative monitoring in the surgical intensive care unit 
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provides a relatively simple means of determining amino acid 
flux across the lungs in patients. 

Lung amino acid release was not accelerated in postopera- 
tive general surgical patients, but these individuals are usual- 
ly minimally hypermetabolic.'” Nonseptic burn patients, on 
the other hand, have metabolic rates that are significantly 
elevated." We did not measure lung amino acid flux in these 
nonseptic burn patients. It is possible that the accelerated 
lung amino acid release we observed in septic patients may 
also occur in severely stressed noninfected patients. 

The accelerated release of glutamine and alanine by the 
lungs in septic patients occurs at a time when previous studies 
have demonstrated that muscle amino acid release is also 
accelerated." Thus, skeletal muscle and the lungs work to- 
gether to release increased amounts of amino acid nitrogen 
during sepsis. Glutamine is consumed by the gastrointestinal 
tract, where it serves as a fuel,” and by the kidneys, where it 
supports renal ammoniagenesis,’ while alanine is taken up, in 
part, by the liver to support hepatic gluconeogenesis.*” The 
diminished PA glutamine concentration in POD 1 GS patients 
and septic patients may be due, in part, to the accelerated 
gut? and renal’ glutamine extraction that characterizes 
stress states. 

None of the preoperative or POD 1 GS patients in this study 
were receiving total parenteral nutrition. Two of the five burn 
patients were receiving supplemental intravenous nutrition 
in addition to oral feedings. The other three were receiving 
only enteral diets. There was no difference in lung glutamine 
or alanine release between these subgroups. Of the 12 general 
surgical patients who became septic, 4 were receiving total 
parenteral nutrition, 3 were receiving tube feedings, 1 was 
taking oral feedings, and the other 4 patients were receiving 
standard intravenous fluid before their septic insult. Again, 
in this group of patients neither the provision of nutrients nor 
the type or route of nutrient administration significantly 
influenced lung amino acid efflux. As mentioned in the study 
procedure, all of these patients were studied at least 6 hours 
after their last nutrient intake. 

The specific cells in the lungs that are responsible for 
releasing net amounts of glutamine into the blood are un- 
known. Although the lung is composed of multiple different 
cell populations, the pulmonary vascular endothelial cells and 
type I alveolar cells are the most common. * It is unlikely that 
pulmonary vascular endothelial cells are net glutamine pro- 
ducers, since they have been shown in cell culture to be avid 
glutamine consumers.” Unfortunately, efforts to culture type 
I alveolar cells have been largely unsuccessful. Therefore, 
additional studies are required for further understanding of 
glutamine metabolism by the various cell populations that 
inhabit the lung and to determine if intercellular cooperation 
occurs. 

Lung blood flow in this study was measured by the thermo- 
dilution principle. The values obtained in controls and postop- 
erative and septic patients were similar to those reported by 
others.'"" Although the lung derives its blood supply from 
two sources, the contribution of the bronchial circulation to 
total pulmonary blood flow is only about 1%," and thus deter- 
mination of amino acid flux by means of the substrate concen- 
trations in the PA and systemic arterial system will be accu- 
rate. To demonstrate that radial arterial blood accurately 
reflects pulmonary venous blood, six cardiac surgical patients 
(data not shown) with left arterial catheters and radial arteri- 
al catheters had simultaneously drawn blood samples ana- 
lyzed for amino acids. There were no differences. 

The ability of the lungs to release large amounts of gluta- 
mine and alanine is related primarily to the large flow of blood 
through the pulmonary vasculature. Thus, relatively small 
changes in the concentration difference across the lungs can 
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result in fairly significant increases in exchange rates. In the 
present study the PA-A concentration difference for gluta- 
mine was — 10+ 17 pmol/L in controls, and this value marked- 
ly increased to ~ 79+ 20 mol/L in the hyperdynamic septic 
patients. This occurred at a time when the lung consumed 
ammonia, which may be used to support glutamine synthe- 
sis.” Blood flow through the lungs was simultaneously in- 
creased by nearly 75%, which contributed to the marked 
increase in glutamine efflux from the lungs. The mechanism 
by which this accelerated release occurs is unclear, but animal 
studies in our laboratory suggest that the glucocorticoid hor- 
mones can augment lung glutamine release (D.A.P. and 
W.W.S., unpublished data, 1989). Although a fall in the PA 
glutamine concentration may stimulate lung glutamine pro- 
duction, this is probably not a major determinant of lung 
glutamine release in the patients studied here, since there 
was no augmentation of lung release in POD 1 GS patients. It 
is possible that other mediators of the septic response, such as 
endotoxin and cytokines, also have direct effects on lung 
amino acid metabolism. 

Studies that have determined glutamine content in various 
tissues demonstrate that the lung contains less free glutamine 
per gram of tissue than does muscle.” Furthermore, the 
weight of the lung (<1% of total body weight) is markedly less 
than that of skeletal muscle (30% to 40% of total body weight). 
Hence, skeletal muscle is certainly the principal site of free 
intracellular glutamine. The ability of the lungs to export 
large amounts of glutamine is therefore most likely secondary 
to accelerated de novo intracellular synthesis of glutamine 
rather than the release of already existing intracellular 
stores. 

Although most of the patients included in the septic group 
had fever and an elevated white blood cell count during the 
septic episode, less than half of these patients had positive 
blood cultures. Thus, the diagnosis of hyperdynamic sepsis 
was based on physiologic factors. All five of the burn patients 
had burn wound sepsis (quantitative wound cultures, >10° 
organisms per cubic centimeter of tissue), four (83%) of the 
infected general surgical patients had documented intra-ab- 
dominal sepsis, and two patients had urinary tract infections. 
A specific source of infection was not clearly identified in the 
remaining patients, but these patients were included in this 
hyperdynamic group since they had clinical, physiologic, and 
hemodynamic evidence of sepsis. 

Care was taken in this research project to study septic 
patients without pneumonia or ARDS, since the presence of 
inflammatory cells such as lymphocytes and other white blood 
cells that are glutamine consumers’ may alter net lung gluta- 
mine exchange in these patients. For example, in four addi- 
tional patients with ARDS or severe pneumonia, flux of gluta- 
mine across the lung approached zero (data not shown). It 
should be emphasized that radiologic evidence of pneumonia 
or ARDS may lag several hours to days behind the physiologic 
manifestations. In the current study, profound changes in 
lung amino acid metabolism were occurring before severe 
pulmonary insufficiency developed. Thus, metabolism of glu- 
tamine and alanine by the lungs appears to change depending 
on the pathophysiologic state of the patient. It appears that 
small amounts of glutamine may be released in normal sub- 
jects. This is skewed toward an accelerated release during 
sepsis and possibly after major trauma. The inability of the 
lungs to release glutamine during pulmonary failure may be 
similar to the inability of the splanchnic bed to extract net 
amounts of glutamine during critical illness associated with 
“gut failure. 7723 

Although the mechanisms that govern these responses 
remain to be elucidated, it is clear that the lung, which has 
traditionally been viewed as an organ of gas exchange, is also 
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an important organ of amino acid metabolism. Further stud- 
ies are required to improve our understanding of the mecha- 
nisms that regulate lung nitrogen metabolism at the cellular 
level and further understand how lung amino acid metabolism 
changes after local and systemic pulmonary insults. 


This study was supported by grant 1 R29 CA45327-01A1 from the National 
Institutes of Health, Bethesda, Md, and a grant from the Veterans Administra- 
tion Merit Review Board (Dr Souba). 
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Discussion 


PALMER BESSEY, MD, St Louis, Mo: I would like to congratulate 
the authors for bringing us another chapter in the glutamine story, 
which all of us have been following with interest for 10 years or so. 
Like many good preliminary studies, this raises many questions, and 
I wish to ask several. 

I wonder if the authors could expand a little on the type of sepsis the 
septic patients had. They said that initially they could not see any 
radiologic evidence of ARDS or pneumonia, but often the radiologic 
picture may lag behind the early presentation. I wondered if indeed 
some of these patients developed a pulmonary focus later on. Also, 
were there any differences depending on the source of the sepsis? 
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Were the septic patients acidotic, and could that have contributed at 
all also? 

The authors touched a little bit on the sources of glutamine. Indeed, 
that is a very intriguing question. Is there a possible role for en- 
trapped platelets or white blood cells within the lung circulation? 

If I understand the way the authors have done this, they really 
have not excluded the heart. Do they think there is any role at all for 
the heart in this, or is it merely an inert bystander? 

People have described myocardial depression in sepsis. The au- 
thors said that all these patients were hyperdynamic, but indeed their 
Starling curves might have been a little shifted. In line with that, do 
the authors have any information on whether there is acute proteoly- 
sis within the cardiac muscle? 

The alanine data raise questions about whether the lung has any 
role in the balance of glucose and lactate that might also relate. 

What happens during recovery? Specifically, is there any point that 
the authors have observed, or any kinds of patients or conditions, in 
which they actually see an uptake of glutamine, a net increase? 

Is this really a primary metabolic regulatory role or is it secondary 
to some other aspect of sepsis and its support? Could it be due to a 
ventilation perfusion mismatch? Or could it be due to some aspect of 
pulmonary support, particularly positive expiratory pressure? 

The last question, since the authors started it with this, is whether 
this is all there is. Does this complete the balance sheet for glutamine? 

PHILIP BARIE, MD, New York, NY: I would like to amplify some of 
Dr Bessey’s comments and focus for a moment on the question of 
respiratory failure and the lung as a metabolic organ. 

Those of us who worry about respiratory failure every day in the 
laboratory have recognized for some time that the lung in fact is a 
very important metabolic organ in terms of metabolism of vasoactive 
amines, 

Perhaps the classic example is the angiotensin-converting enzyme 
system that is present in the lung. These systems are important not 
only for normal metabolism but also because of the failure of these 
regulatory mechanisms in clinical respiratory failure. It will be essen- 
tial for the authors to tell us at some point what happens with 
glutamine metabolism in the patient with clinical respiratory failure. 

If analogous models for metabolism of other substances in the lung 
are accurate, there may be important changes in the organ with 
clinical respiratory failure. Do the authors have any data or specula- 
tion about that? 

DR PLUMLEY: I would like to thank the discussants for their 
comments. 

Dr Bessey, the diagnosis of sepsis was based on physiologic factors. 
All five of the burn patients studied had burn wound sepsis. Of the 
remaining 12 general surgical patients, 4 had documented intra- 
abdominal sepsis, and 2 patients had urinary tract infections. In the 
remaining 6 patients, a documented source of infection was not 
clearly identified, but these patients had clinical, physiologic, and 
hemodynamic evidence of sepsis. Some of these patients did have 
positive blood cultures, but the origin was unclear. 

The majority of the patients studied were not acidotic, and those 
who were acidotic were only minimally so. We failed to find any 
difference in lung glutamine flux as a function of pH in this study. The 
contribution of the heart to the flux of amino acids across the lung 
should be eliminated since the tip of the PA catheter was distal to the 
coronary sinus. Our preliminary work in patients with coronary sinus 
catheters suggests that the heart also releases glutamine. Glucose 
and lactate levels were not measured in these patients. We have not 
identified a subgroup of patients who demonstrate a net uptake of 
glutamine by the lung, although we plan to study this in the 
laboratory. 

In response to Dr Barie’s questions, we did study five patients who 
went on to develop severe respiratory failure (data not included 
here). With progressive ARDS, the lung switches to an organ of 
glutamine and alanine balance. The failure of the lungs to release 
glutamine in these patients may represent metabolic failure of one or 
more cell populations in the lungs. Alternatively, lung infiltration 
with white blood cells, which are known glutamine consumers, may 
result in a net lung flux that is balance. Further studies of the role of 
the lung in amino acid metabolism are needed in the laboratory. 
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Brief Summary. Consult the package literature for complete 
information. 
Indications and Usage: 1. Active duodenal ulcer—for up to eight weeks 
of treatment. Most patients heal within four weeks 

2. Maintenance therapy — for healed duodenal ulcer patients at a 
reduced dosage of 150 mg h.s. The consequences of therapy with Axid 
for longer than one year are not known 
Contraindication: Known hypersensitivity to the drug. Use with caution 
in patients with hypersensitivity to other Ho-receptor antagonists 
Precautions: Genera/ — 1. Symptomatic response to nizatidine therapy 
does not preclude the presence of gastric malignancy 

2. Dosage should be reduced in patients with moderate to severe 
renal insufficiency 

3. In patients with normal renal function and uncomplicated hepatic 
dysfunction, the disposition of nizatidine is similar to that in normal 
subjects 

Laboratory Tests — False-positive tests for urobilinogen with 
Multistix® may occur during therapy 

Drug Interactions — No interactions have been observed with the- 
ophylline, chlordiazepoxide, lorazepam, lidocaine, phenytoin, or war- 
farin. Axid does not inhibit the cytochrome P-450 enzyme system, 
therefore, drug interactions mediated by inhibition of hepatic metabo- 
lism are not expected to occur. In patients given very high doses (3,900 
mg) of aspirin daily, increased serum salicylate levels were seen when 
nizatidine, 150 mg b.i.d., was administered concurrently 

Carcinogenesis, Mutagenesis, Impairment of Fertility — A two-year 
oral carcinogenicity study in rats with doses as high as 500 mg/kg/day 
(about 80 times the recommended daily therapeutic dose) showed no 
evidence of a carcinogenic effect. There was a dose-related increase in 
the density of enterochromaftin-like (ECL) cells in the gastric oxyntic 
mucosa. In a two-year study in mice, there was no evidence of a Car- 
cinogenic effect in male mice; although hyperplastic nodules of the liver 
were increased in the high-dose males as compared with placebo 
Female mice given the high dose of Axid (2,000 mg/kg/day, about 330 
times the human dose) showed marginally statistically significant 
increases in hepatic carcinoma and hepatic nodular hyperplasia with no 
numerical increase seen in any of the other dose groups. The rate of 
hepatic carcinoma in the high-dose animals was within the historical 
control limits seen for the strain of mice used. The female mice were 
given a dose larger than the maximum tolerated dose, as indicated by 
excessive (30%) weight decrement as compared with concurrent con- 
trols and evidence of mild liver injury (transaminase elevations). The 
occurrence of a marginal finding at high dose only in animals given an 
excessive and somewhat hepatotoxic dose, with no evidence of a 
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carcinogenic effect in rats, male mice, and female mice (given up to 360 
mg/kg/day, about 60 times the human dose), and a negative muta- 
genicity battery are not considered evidence of a carcinogenic potential 
for Axid 

Axid was not mutagenic in a battery of tests performed to evaluate its 
potential genetic toxicity, including bacterial mutation tests, 
unscheduled DNA synthesis, sister chromatid exchange, mouse lym- 
phoma assay, chromosome aberration tests, and a micronucleus test 

In a two-generation, perinatal and postnatal fertility study in rats, 
doses of nizatidine up to 650 mg/kg/day produced no adverse effects on 
the reproductive performance of parental animals or their progeny. 

Pregnancy — Teratogenic Effects — Pregnancy Category C — Oral 
reproduction studies in rats at doses up to 300 times the human dose 
and in Dutch Belted rabbits at doses up to 55 times the human dose 
revealed no evidence of impaired fertility or teratogenic effect; but, at a 
dose equivalent to 300 times the human dose, treated rabbits had abor- 
tions, decreased number of live fetuses, and depressed fetal weights. On 
intravenous administration to pregnant New Zealand White rabbits, 
nizatidine at 20 mg/kg produced cardiac enlargement, coarctation of 
the aortic arch, and cutaneous edema in one fetus and at 50 mg/kg it 
produced ventricular anomaly, distended abdomen, spina bifida, hydro- 
cephaly, and enlarged heart in one fetus. There are, however, no ade- 
quate and well-controlled studies in pregnant women. It is also not 
known whether nizatidine can cause fetal harm when administered to a 
pregnant woman or can affect reproduction capacity. Nizatidine should 
be used during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus 

Nursing Mothers — Studies in lactating women have shown that 0.1% 
of an oral dose is secreted in human milk in proportion to plasma 
concentrations. Because of growth depression in pups reared by treated 
lactating rats, a decision should be made whether to discontinue nurs- 
ing or the drug, taking into account the importance of the drug to the 
mother 

Pediatric Use — Safety and effectiveness in children have not been 
established 

Use in Elderly Patients —Healing rates in elderly patients were similar 
to those in younger age groups as were the rates of adverse events and 
laboratory test abnormalities. Age alone may not be an important factor 
in the disposition of nizatidine. Elderly patients may have reduced renal 
function 
Adverse Reactions: Clinical trials of varying durations included almost 
5,000 patients. Among the more common adverse events in domestic 
placebo-controlled trials of over 1,900 nizatidine patients and over 1 300 
on placebo, sweating (1% vs 0.2%), urticaria (0.5% vs <0.01%), and 
somnolence (2.4% vs 1.3%) were significantly more common with 
nizatidine. It was not possible to determine whether a variety of less 
common events were due to the drug 
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Hepatic — Hepatocellular injury (elevated liver enzyme tests or 
alkaline phosphatase) possibly or probably related to nizatidine 
occurred in some patients. In some cases, there was marked elevation 
(>500 IU/L) in SGOT or SGPT and, in a single instance, SGPT was 

-2 000 IU/L. The incidence of elevated liver enzymes overall and eleva- 
tions of up to three times the upper limit of normal, however, did not 
significantly differ from that in placebo patients. All abnormalities were 
reversible after discontinuation of Axid 

Cardiovascular —\n clinical pharmacology studies, short episodes of 
asymptomatic ventricular tachycardia occurred in two individuals 
administered Axid and in three untreated subjects 

CNS — Rare cases of reversible mental confusion have been reported 

Endocrine — Clinical pharmacology studies and controlled clinical 
trials showed no evidence of antiandrogenic activity due to nizatidine 
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Other —Hyperuricemia unassociated with gout or nephrolithiasis was 
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Overdosage: Overdoses of Axid have been reported rarely. If overdosage 
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Superoxide Production by 


Wound Neutrophils 


Evidence for Increased Activity of the NADPH Oxidase 


Philip B. Paty, MD; Ronald W. Graeff, MS; Stephen J. Mathes, MD; Thomas K. Hunt, MD 


e Oxygen radical secretion by neutrophils is potentiated or 
“primed” by extravascular migration into wounds. To define this 
change in responsiveness more precisely we measured super- 
oxide production by blood and wound neutrophils from rabbits 
using formylmethionyl-leucyl-phenylalanine and phorbol myris- 
tate acetate as agonists. In all experiments, the time- and dose- 
dependency of superoxide secretion were the same for blood 
and wound neutrophils. However, wound neutrophils produced 
significantly more superoxide. Furthermore, the cytochrome b 
component of the NADPH oxidase was found in greater quanti- 
ties within wound neutrophils. We conclude that priming does 
little to alter the requirements for activating the NADPH oxidase 
but does significantly increase the velocity of superoxide gener- 
ation. The data suggest that alterations in the assembly and 
function of the NADPH oxidase may contribute to enhanced 
superoxide secretion by wound neutrophils. 

(Arch Surg. 1990;125:65-69) 


E xtravascular migration into tissue can increase the ca- 
pacity of neutrophils to produce superoxide anion. This 
potentiation of oxygen radical secretion is known as priming 
and is a characteristic feature of neutrophils isolated from 
synovial fluid,’ bronchoalveolar washings,” peritoneal exu- 
dates,” and wound fluid.* Priming can also be achieved in vitro 
by exposure to chemotactic agents,’ arachidonate metabo- 
lites,’ macrophage products,’ and bacterial endotoxin.” The 
biochemical mechanisms of priming are unclear and may not 
be the same for all priming agents. 

Priming is an important step in the neutrophil activation 
sequence in wounds. In a previous study comparing neutro- 
phils isolated from blood and from subcutaneous wounds in 
rabbits, maximum superoxide production was increased two- 
fold in wound cells.’ To further define the nature of neutrophil 
priming in wounds, the current study compared blood and 
wound neutrophils from rabbits in time course, dose re- 
sponse, and sequential stimulation experiments using formyl- 
methionyl-leucyl-phenylalanine (FMLP) and phorbol myris- 
tate acetate (PMA) as agonists. Quantitation of cytochrome b, 
an essential component of the NADPH oxidase, was per- 
formed by spectral analysis. 
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METHODS 
Animal Model and Cell Isolation 


Adult New Zealand white rabbits were implanted with four stain- 
less steel wire mesh cylinders under the skin of the back using 
ketamine hydrochloride anesthesia. Seven days later, blood and 
wound fluid were collected in heparinized syringes and processed in 
parallel as described previously.” Neutrophils were isolated at room 
temperature by dextran sedimentation, ammonium chloride lysis of 
erythrocytes, and centrifugation through 56% Percoll. Frequently, 
cells from two or more animals were combined to provide enough cells 
for testing. However, in each experiment, blood and wound neutro- 
phils were taken from the same animals. Final cell suspensions were 
more than 95% neutrophils by stained smears and more than 98% 
viable by trypan blue exclusion. 


Superoxide Assay 


Superoxide anion production was measured in a discontinuous 
assay as the superoxide dismutase-inhibitable reduction of ferricy- 
tochrome C by 5x 10° neutrophils in 1 mL of Hanks’ balanced salt 
solution at 37°C as described previously." Data were obtained in 
replicates of three. Cells were incubated for 30 minutes in all experi- 
ments except those studying time dependency. In dose-response 
experiments the median effective dose (ED,,) of the agonist was 
determined graphically. In sequential stimulation experiments, neu- 
trophils were incubated with various doses of FMLP for 10 minutes 
prior to addition of cytochrome c, PMA, and superoxide dismutase. 
All other stimulations by FMLP were done in the presence of cyto- 
chalasin B, 1.25 mg/L. Cytochrome c, FMLP, PMA, and cytochalasin 
B were purchased from Sigma Chemical Co, St Louis, Mo. 


Cytochrome b Spectral Analysis 


Cytochrome b in lysates of neutrophil suspensions was quantitated 
from its characteristic absorption spectrum as described previously.” 
Neutrophils were suspended at 7.5 x 10° cells per liter in 3-(N-mor- 
pholino)-propanosulfonic acid, 50 mmol/L, in potassium chloride, 100 
mmol/L, pH, 7.0. Cells were lysed by sonication, and membranes 
were solubilized by addition of sodium deoxycholate. Each sample 
was scanned on a double-beam spectrophotometer from 400 to 600 nm 
at 0.5-nm intervals. Sample cuvettes were reduced with sodium 
dithionite and measured in replicates of three. Reference cuvettes 
contained nonreduced cell suspension. The height of the gamma peak, 
424 to 428 nm, was used to calculate the concentration of cytochrome 
b, assuming an absorption coefficient of 106 cm*/mmol. 


Enzyme Assays 


Freeze-thaw lysates of neutrophils suspended in phosphate-buf- 


' fered saline at 7.5 x 10° cells per liter were used in all assays. B- 
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Fig 1.—Cumulative superoxide production over time following stimu- 
lation by 10 °-mol/L formylmethionyl-leucyl-phenylalanine (FMLP). 
Circles indicate blood neutrophils; triangles, wound neutrophils. 
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Fig 3.—Superoxide produced in response to variable doses of formyl- 
methionyl-leucyl-phenylalanine (FMLP). Circles indicate blood neu- 
trophils; triangles, wound neutrophils. 


Glucuronidase activity was measured in a colorimetric assay of phen- 
olphthalein release from phenolphthalein glucuronic acid (Sigma 
diagnostic kit 325). One unit of enzymatic activity was defined as the 
release of 1 ug of phenolphthalein over 1 hour at 56°C. Lysozyme 
activity was measured in a photometric assay of the enzymatic diges- 
tion of Micrococcus lysodeikticus as described previously.” Activity 
was expressed in microgram equivalents to a standard curve pro- 
duced using purified egg white lysozyme. 


Statistics 


Results are mean+SD. Data from ED,,, cytochrome b, B-gluc- 
uronidase, and lysozyme assays were compared using paired Stu- 
dent’s t test. P<.05 was considered significant. 


RESULTS 
Time Course 


Time course data for FMLP and PMA stimulation are 
shown in Figs 1 and 2. Wound cells produced more superoxide 
than blood cells at all times studied. However, the general 
patterns of initiation and termination of superoxide synthesis 
were identical for the two cell types. Formylmethionyl-leu- 
cyl-phenylalanine stimulates a rapid burst of superoxide syn- 
thesis that ends in less than 10 minutes. With PMA stimula- 
tion the rate of superoxide synthesis is also greatest early 
after activation; however, superoxide synthesis is sustained 
at a slowly decaying rate for over 60 minutes. In every 
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Fig 2.—Cumulative superoxide production over time following stimu- 
lation by 100-\.g/L phorbol myristate acetate (PMA). Circles indicate 
blood neutrophils; triangles, wound neutrophils. 
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Fig 4.—Superoxide produced in response to variable doses of phor- 
bol myristate acetate (PMA). Circles indicate blood neutrophils; trian- 
gles, wound neutrophils. 


experiment the temporal patterns of superoxide secretion 
were identical for blood and wound cells. 


Dose Response 


Formylmethionyl-leucyl-phenylalanine stimulation was 
studied in concentrations from 10°" to 10° mol/L (Fig 3). 
Phorbol-myristate acetate doses ranged from 0.03 to 500 
ug/L (Fig 4). No consistent difference in the dose dependency 
of superoxide stimulation could be found for blood and wound 
cells. Wound cells did produce more superoxide than blood 
cells at all doses of FMLP and PMA. However, the doses 
producing no stimulation, half-maximal stimulation, and max- 
imal stimulation were the same. Calculated values for the 
doses producing half-maximal stimulation (ED,,) are shown 
for FMLP in Fig 5 and for PMA in Fig 6. The ED, for blood 
neutrophils with FMLP (1.3 x 10°° mol/L, geometric mean) 
was not significantly different from the ED, for wound cells 
(1.0x10° mol/L, geometric mean). For PMA the ED, for 
blood neutrophils (2.2 ug/L, geometric mean) was also not 
significantly different from the E D, for wound cells (1.9 ug/L, 
geometric mean). 


Sequential Stimulation 


In vitro exposure to FMLP primes neutrophils for subse- 
quent responses to PMA.’ Results of a sequential stimulation 
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Fig 5.—The formylmethionyl-leucyl-phenyl- 
alanine (FMLP) doses stimulating half-maxi- 
mal superoxide production are compared for 
blood neutrophils (circles) and wound neutro- 
phils (triangles). Data are derived from four 
separate dose-response experiments. P was 
not significant. 
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Fig 6.—The phorbol myristate acetate 
(PMA) doses stimulating half-maximal super- 
oxide production are compared for blood neu- 
trophils (circles) and wound neutrophils (tri- 
angles). Data are derived from four separate 
dose-response experiments. P was not 





significant. 


experiment are shown in Fig 7. Formylmethionyl-leucyl- 
phenylalanine is an effective priming agent for both blood and 
wound cells at doses as low as 10°” mol/L. Preincubation with 
higher doses of FMLP raised superoxide production to more 
than twice the baseline level of cells not exposed to FMLP. At 
all doses of FMLP the percentage increase in superoxide 
secretion was similar for blood and wound cells. 


Cytochrome b Spectral Analysis 


One possible mechanism of priming is an increase in the 
synthesis and assembly of the membrane-bound NADPH 
oxidase enzyme complex. The cytochrome b component func- 
tions as an electron carrier and probably contains the site 
where molecular oxygen binds. 

The cytochrome b content of blood and wound cells was 
measured by spectral analysis (Fig 8). Wound cells consis- 
tently showed increased content of cytochrome b. In seven 
experiments, the mean content of cytochrome b was 34.2 + 3.6 
pmol per 7.5 x 10° cells for blood neutrophils and 39.7 +5.2 
pmol per 7.5 10° cells for wound neutrophils. These data 
indicate an increase in cytochrome b of approximately 15%. 


Enzyme Assays 


Total B-glucuronidase activity was the same in blood and 
wound cells (Fig 9), suggesting equal content of azurophilic 
granules. Total lysozyme activity was variable but did show a 
downward trend in wound cells (Fig 10), suggesting partial 
loss of specific granules. ™” The mean decrement in lysozyme 
activity was 12%. 


COMMENT 


Many previous studies have attempted to define the func- 
tional changes produced by extravascular migration of neu- 
trophils. Early studies of gingival, synovial, and peritoneal 
cells emphasized loss of chemotactic responsiveness as the 
major adaptive change.” One study reported inhibition of 
zymosan-induced superoxide generation in guinea pig perito- 
neal neutrophils.” More recently, Zimmerli et al’ compared 
superoxide secretion by peritoneal and blood cells in guinea 
pigs and found a 10-fold increase for FMLP stimulation but no 
increase for PMA stimulation. The authors concluded that 
enhanced responsiveness was specific for FMLP stimulation 
and was explained by a sixfold increase in cell surface FMLP 
receptors. The authors also demonstrated that membrane 
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Fig 7.—Neutrophils were preincubated with variable doses of formyl- 
methionyl-leucyl-phenylalanine (FMLP) and then maximally stimu- 
lated to produce superoxide with 100-j.g/L phorbol myristate acetate. 
These are the superoxide responses of blood neutrophils (circles) and 
wound neutrophils (triangles) from one of four experiments. 


depolarization and superoxide production by peritoneal cells 
occurred at significantly lower FMLP concentrations. 

Our findings with neutrophils from subcutaneous wounds 
in rabbits are unique in several respects. Increased produc- 
tion of superoxide by wound cells was observed for FMLP and 
PMA stimulation. Furthermore, dose-response curves did 
not shift for wound cells. These findings exclude changes in 
number or binding affinity of cell surface receptors as the 
mechanism of priming in wounds. Although the discrepancy 
between our findings and previous studies could be attributed 
to species differences, it is equally likely that priming in 
wounds is different than priming in peritoneal exudates. 

The current study indicates that the major effect of priming 
in wounds is an increase in the velocity of the NADPH oxidase 
once it has been activated to produce superoxide. Priming 
does not appear to change the conditions necessary to achieve 
activation of the oxidase. Wound and blood cells consistently 
shared the same pattern of activation, with the only differ- 
ence being the quantity of superoxide produced. 

At least two general mechanisms of priming are compatible 
with our data: (1) Components of intracellular signal trans- 
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Fig 8.—The cytochrome b content of neutro- 
phils was measured in whole-cell lysates by 
spectral analysis. Circles indicate blood neu- 
trophils; triangles, wound neutrophils. P<.02. 


duction pathways that are shared by many agonists but that 
are not sufficient for oxidase activation may be amplified. 
Changes in intracellular calcium stores” and increased lon- 
gevity of phoshatidic acid” are examples that have been pro- 
posed. (2) Components of the membrane-bound NADPH oxi- 
dase may be amplified or potentiated to increase enzyme 
turnover following activation. Phosphorylation of the cyto- 
chrome b protein has been suggested.” 

Cytochrome b is the most confidently identified and best- 
characterized component of the NADPH oxidase enzyme 
complex.” Absence of cytochrome b is the biochemical defect 
responsible for the most common form of chronic granuloma- 
tous disease, a disorder producing complete failure of super- 
oxide production.” The finding of increased levels of cyto- 
chrome b in wound neutrophils indicates that neutrophils can 





Fig 9.—8-Glucuronidase activity was mea- 
sured in whole-cell lysates of blood neutro- 
phils (circles) and wound neutrophils (trian- 
gles). P was not significant. 
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Fig 10.—Lysozyme activity was measured in 
whole-cell lysates of blood neutrophils (cir- 
cles) and wound neutrophils (triangles). 
P<.05. 


regulate their expression of cytochrome b. Increased synthe- 
sis of cytochrome b and translocation of cytochrome b from 
specific granules to the plasma membrane” are suggested by 
our data. Such changes are likely to affect the assembly of the 
NADPH oxidase enzyme and may contribute to enhanced 
superoxide synthesis by wound cells. 

Priming of the superoxide enzyme system appears to be a 
major adaptive response by neutrophils in wounds. Local 
factors that initiate and suppress priming may prove to be 
important determinants of neutrophil function and wound 
immunity. 


This study was supported by grant GM 27345 from the National Institute of 
General Medical Sciences, Bethesda, Md. 
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Discussion 


BASIL PRuITT, MD, Fort Sam Houston, Tex: It is of interest that 
the authors found increased response to both FMLP and PMA, since 
the action of PMA is thought to be mediated by protein kinase C and 
the liberation of calcium and the action of FMLP is thought to be 
mediated by a more rapid activation process that does not require 
changes in cytosolic calcium. Have you measured changes in cytosolic 
calcium to assess the relative importance of these two mechanisms? 
Also, since priming is characterized by decreased lag time, can you 
explain why that was not evident in the FMLP stimulation studies? 

The oxidase responsible for the respiratory burst in neutrophils 
occurs in low-affinity and high-affinity forms, with the high-affinity 
form containing a third or extra cytosolic component. Have you 
identified which of the forms is primed in the wound polymorphonu- 
clear leukocytes? 

Inasmuch as phosphotidylserine is a direct effector of the NADPH 
oxidase (that is, it is independent of protein kinase C), was the level of 
that phospholipid elevated in the wound chamber fluid? The priming 
of neutrophils has also been related to phospholipase C—mediated 
production of diacylglycerol, with modest concentrations priming 
neutrophils and higher concentrations stimulating neutrophils direct- 
ly by the activation of protein kinase C. There is apparently an 
additional metabolic pathway that instead of producing diacylglycer- 
ols produces alkylacylglycerols, low concentrations of which facilitate 
the initiation of functional events and high concentrations of which 
terminate those responses. Did you note a redistribution of the 
products of phospholipase C activity? 

Since both hemoglobin and mitochondiral cytochromes can produce 
interference that complicates the measurement of cytochrome b, did 
you minimize that interference by using the recently described tech- 
nique of a second dithionite reduction in the presence of cyanide? 

This report is reassuring, because it indicates that neutrophils in a 
wound are indeed activated, but that the wound per se does not cause 
indiscrete activation that could injure distant organs and tissues. 

EDWIN DEITCH, MD, Shreveport, La: Have you begun to deter- 
mine why the neutrophils are primed within the wound? What mecha- 
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nism initiates this process? Have you analyzed the wound fluid to see 
if you can identify what the active component is? We have done some 
work in this area, using burn wound blister fluid, and we have found 
that blister fluid contains complement breakdown products that acti- 
vate control neutrophils. 

DR PATY: The transduction pathway is very complex, with multi- 
ple pathways that interact with one another. Many of the experi- 
ments Dr Pruitt mentioned can be done. We have not done them up to 
now. The failure to observe a decrease in lag time in our experiments 
is due to the fact that we were using the discontinuous assay for 
superoxide production. Lag time is measured in seconds and has to be 
measured by looking at real-time production of superoxide in a contin- 
uous assay. We have used the continuous assay with human neutro- 
phils and have observed the priming effect. It was not applied to this 
model. 

As to the possible interference of hemoglobin, I can only say that 
we extensively washed these cell preparations; they were as clean as 
we could possibly make them. We did not measure hemoglobin levels. 
We did consistently check our reference samples by showing that the 
peak disappeared when the reference cuvette was reduced, suggest- 
ing that the entire observed difference was due to a reducible cyto- 
chrome. The data from spectral analysis do need confirmation from a 
more direct, perhaps antibody-mediated, assay. Another possible 
interfering factor in spectral analysis is the myeloperoxidase peak 
that occurs immediately adjacent to the gamma peak of cytochrome b. 

I do not know what factors in the wound may be responsible for 
priming wound cells. My guess is that macrophage products and 
platelet products are important. 

We have looked for contaminating endotoxin in the wound fluid and 
have not been able to find any by the limulus test. We have also tried 
to stimulate cells with endotoxin-activated serum, which is a source of 
C5a, and, although the levels of stimulation we achieve are not high, 
the wound cells again outperform blood cells. This is indirect evidence 
that endotoxin and complement components are not responsible for 
the priming effect. 
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Enhanced Susceptibility to Sepsis After 


Simple Hemorrhage 


Depression of Fe and C3b Receptor—Mediated Phagocytosis 


Alfred Ayala, PhD; Michelle M. Perrin; Margaret A. Wagner; Irshad H. Chaudry, PhD 


è To determine whether phagocytosis mediated by Fc recep- 
tors and/or receptors for the third component of complement 
(C3b) are altered after hemorrhage, C3H/HeN mice were sub- 
jected to nonlethal hemorrhage and then adequately resuscitat- 
ed. Twelve hours after the hemorrhagic episode, a significant 
decrease in both Fc (— 55.2%) and C3b ( — 46.6%) receptor—posi- 
tive peritoneal macrophages was observed compared with con- 
trols. At 24 hours the extent of the depression, while still marked, 
was only — 22.5% and — 17.4% for Fc and C3b receptors, respec- 
tively. By day 3 after hemorrhage, no differences could be ob- 
served for either of these receptors. The capacity of macro- 
phages from mice after hemorrhage to elaborate interleukin 1 or 
tumor necrosis factor-a showed no increase over that of the 
sham controls, and serum levels of endotoxin were not elevated 2 
or 24 hours after hemorrhage. Moreover, endotoxin-tolerant 
C3H/HeJ mice also exhibited depression of both receptors after 
hemorrhage. Thus, the inability of the host macrophages to clear 
opsonized infectious agents after hemorrhage may be due in part 
to the loss of Fc and C3b receptors on macrophages. 

(Arch Surg. 1990;125:70-75) 


tudies indicate that after traumatic injury, of which hem- 

orrhage is a common complication, reticuloendothelial 
system phagocytic function is depressed."* Although de- 
pressed phagocytic function is thought to play an important 
role in the enhanced susceptibility to sepsis observed after 
hemorrhage,*’ the cause of this depression is largely un- 
known. Several studies*’ have shown that the loss of serum 
opsonizing agents, such as fibronectin and cathepsin, can 
account for at least a portion of this depression. However, 
until recently little attention was paid to functional changes 
induced in the phagocytes themselves after hemorrhage. In 
this regard, work by Cuddy et al’ and Loegering” with the use 
of lgM-coated erythrocytes labeled with chromium 51 demon- 
strated that after trauma there is a significant reduction in 


complement receptor—mediated clearance of labeled erythro- 
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cytes by both the liver and speen that was not readily attrib- 
utable to changes in plasma opsonin levels. Similarly, studies 
conducted by Stephan et al” indicated that macrophages har- 
vested from either the peritoneum or spleen of mice after 
simple hemorrhage exhibited a marked decrease in their 
capacity to present antigen. These observations taken to- 
gether suggest the possibility that the depression in immune 
(ie, opsonin-mediated) phagoeytosis may be as much a prod- 
uct of macrophage dysfunction as a lack of opsonic agents. To 
determine if hemorrhage directly affected macrophage func- 
tion, we first measured macrephage expression of receptors 
involved in opsonin-mediated phagocytosis (ie, Fe and C3b 
receptor expression) after sinple hemorrhage. Second, since 
it has been suggested that cycokines such as tumor necrosis 
factor-a (TNF-a) and interleuxin 1 (IL-1), as well as endotox- 
in, can down-regulate the expression of these receptors,”” it 
was also the objective of this study to determine whether 
there is a relationship between the capacity of macrophage to 
elaborate these cytokines and/or serum endotoxin levels to 
changes in Fc and C3b receptor expression on these cells after 
hemorrhage. 


MATERIALS AND METHODS 
Animals 


For the experiments describec herein, either inbred C3H/HeN 
(Charles River Laboratories, Portage, Mich) or C3H/HeJ (Jackson 
Laboratory, Bar Harbor, Maine) male mice (6 to 8 weeks old) weigh- 
ing 20 to 25 g were used. 


Hemorrhage Model 


Hemorrhage was induced in the mouse according to the method of 
Stephan et al. With this method, the catheterized animal was bled to 
a mean blood pressure of 35 + 5 mm Hg (blood pressure before hemor- 
rhage was 94.4+8.3 mm Hg), which was maintained for 60 minutes. 
At the end of the hypotensive periad, the animal’s own shed blood was 
returned, followed by the infusion of Ringer's lactate (twice the shed 
blood volume) to provide adequate fluid resuscitation. The catheters 
were then removed, the vessels ligated, and the groin incisions were 
closed. Control animals underwent the same surgical procedures, 
which included ligation of both femoral arteries, but hemorrhage was 
not induced. 
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Preparation of Macrophage Populations 


For a given experimental group, two animals were pooled after 
killing and peritoneal lavages were performed as described by Wirth 
and Kierszenbaum’’ to obtain resident peritoneal macrophages. Cells 
were washed once in Click’s medium (Irvine Scientific, Santa Ana, 
Calif) by centrifugation (280g, 15 minutes, 4°C) and resuspended at a 
concentration of 1 x 10° viable cells per milliliter of Click’s medium. 
Cell viability was determined by trypan blue exclusion. For IL-1 and 
TNF determinations, 1-mL aliquots of the cell suspension were plat- 
ed into wells of a plastic 24-well microculture plate (Corning Glass Co, 
Corning, NY) and incubated for 2 hours (87°C, 5% carbon dioxide, 
90% humidity). Nonadherent cells were removed by repeated wash- 
ing with Click’s medium. This protocol provided adherent cells that 
were greater than 99% positive by nonspecific esterase staining and 
that exhibited typical macrophage morphologic characteristics. 

For studies of Fe and C3b receptor expression, monolayers of 
peritoneal macrophages were prepared in triplicate for each experi- 
mental group on 3-mm-diameter glass wells of otherwise Teflon- 
coated microscope slides (Cel-line, Newfield, NJ) according to the 
methods of Ayala and Kierszenbaum.” After removal of the nonad- 
herent cells, cultures were incubated with splenocyte conditioned 
medium (see below) (supernatants known to contain interferon-gam- 
ma, an up-regulator of Fe receptor expression’””) for 24 hours at 
37°C, 5% carbon dioxide, to maximize Fc and C3b receptor expression 
on these cells. 


Cell Clones 


The mouse D10.G4.1 T-helper, cell clone was maintained by meth- 
ods described by Kaye et al.” 

The methods for maintenance of the mouse fibrosarcoma cell line 
WEHI 164 clone 13 were carried out as described by Espevik and 
Nissen-Meyer.” 


Splenocyte Conditioned Media 


The spleen from an untreated mouse was removed and then gently 
ground between two frosted microscope slides so as to produce a 
single cell suspension. After hypotonic lysis of the erythrocytes, the 
cell suspension was washed twice by centrifugation, at 300g for 10 
minutes at 24°C and resuspended in enough Click’s medium contain- 
ing 10% heat-inactivated fetal calf serum (Sigma Chemical Co, St 
Louis, Mo) to yield a final concentration of 1 x 10° cells per milliliter. 
The splenocytes were then incubated for 24 hours (37°C, 5% carbon 
dioxide) in the presence of 10 pg of concanavalin A per milliliter 
(Pharmacia/LKB Biotech Inc, Piscataway, NJ). At the end of this 
period, the suspension was centrifuged (3500g, 20 minutes, 24°C), the 
supernatant was saved, and the pellet was discarded. Residual conca- 
navalin A activity in the supernatant was inactivated by the addition 
of 20 mg of a-methyl-D-mannopyranoside (Sigma Chemical Co) per 
milliliter, The supernatants were then filter sterilized, aliquoted, and 
stored at — 70°C until use. 


IL-1 Assay 


The capacity of mouse peritoneal macrophage cultures (prepared 
as described above) to produce IL-1 or TNF was assessed by deter- 
mining the amount of these cytokines released into their culture 


- media in response to 24 hours of stimulation with 10 ug of lipopolysac- 


charide W (from Escherichia coli 055:B5; Difeo Laboratories, De- 
troit, Mich) per milliliter in Click’s medium with 10% fetal calf serum 
(incubated at 37°C with 5% carbon dioxide). The cell supernatants 
were collected, filtered, aliquoted, and stored at — 70°C until assayed 
(aliquots of these same supernatants were also assessed for TNF 
activity; see below). The IL-1 activity in these culture supernatants 
was determined by adding serial dilutions of the supernatant to the 
D10.G4.1 cells (2 x 10° cells per well) in the presence of concanavalin A 
(10 mg/L). This D10.G4.1 cell line proliferates in response to IL-1 in a 
dose-dependent fashion in presence of concanavalin A.” The cultures 
were incubated for 48 hours at 37°C with 5% carbon dioxide. At the 
end of this period, 1 pCi of tritiated thymidine (specific activity, 6.7 
Ci/mmol; New England Nuclear, Wilmington, Del) was added to each 
well and cultures were further incubated for 14 to 16 hours. The 
cultures were then harvested with a multiple automated sample 
harvester (Skatron AS, Tranby, Norway) onto a glass fiber-filter 
mat. The filter mat was then dried and transferred to a plastic bag. 
Ten milliliters of Beta Plate Scintillation Cocktail (Pharmacia/LKB 
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Nuclear, Gaithersburg, Md) was introduced into the bag, and the bag 
was sealed and counted in a liquid scintillation counter (model 1205 
Betaplate, Pharmacia/LKB Nuclear). All sample dilutions used in the 
assay above were tested in triplicate. 

The number of units of IL-1 activity per milliliter was determined 
by comparison of the curves produced from dilution of the unknowns 
with that generated by dilution of a purified human IL-1 standard (5 
U/mL; Genzyme, Boston, Mass) according to the methods of Mizel.” 


TNF Assay 


The TNF activity was determined by means of the WEHI 164 clone 
13 cytotoxicity assay described by Espevik and Nissen-Meyer.” In 
brief, varying dilutions of the lipopolysaccharide W-stimulated su- 
pernatants (100 pL per well of 96-well microculture plate) were 
mixed with 100 uL of WEHI 164 clone 13 cells (5x 10° cells per 
milliliter of RPMI-1640 medium containing 10% fetal calf serum and 
5 ng of dactinomycin [Sigma Chemical Co]) and incubated for 24 hours 
at 37°C in 5% carbon dioxide. At the end of this period, 20 uL of 3-(4,5- 
dimethylthiazol-2-yL)-2,5-diphenyltetrazolium bromide (5 mg/mL of 
RPMI-1640; Sigma Chemical Co) was added to each well, and the 
plate was incubated for 4 more hours. Only the remaining viable cells 
incorporate 3-(4,5-dimethylthiazol-2-yL)-2, 5-diphenyltetrazolium 
bromide. The assay was stopped by aspirating off 150 pL of superna- 
tant from each well and replacing that with 100 L of isopropanol 
containing 0.04-mol/L hydrochloric acid. On dissolving the dark- 
purple crystal formed during this reaction, the absorbance for each 
well was determined at an absorbance of 620 nm with the use of an 
automated microplate reader (EL-311 Bio-Tek, Bio-Tek Inc, Winoo- 
ski, Vt). All samples were run in triplicate. The number of units of 
TNF activity present in the unknowns was determined by interpola- 
tion of an optical density for a given sample to the standard curve 
generated by dilution of recombinant human TNF standard (20 
U/mL; Amgen Biologicals, Thousand Oaks, Calif) according to the 
methods of Espivik and Nissen-Meyer.” 


Determination of Percentage of Fc or C3b 
Receptor—Positive Cells 


The percentage of Fc receptor—positive macrophages present in a 
given experimental population was assessed by determining the 
capacity of these cells to bind and/or ingest opsonized sheep red blood 
cells (SRBCs) (Accurate Chemical and Scientifie Co, Westbury, 
NY).” In brief, SRBCs were opsonized by incubating them for 30 
minutes at room temperature with rabbit anti-SRBC IgG (Accurate 
Chemical and Scientific Co) at a dilution of 1:2500. Macrophage 
cultures (see above) were then incubated (37°C in 5% carbon dioxide) 
with 15 uL of suspension containing 2 x 10° opsonized SRBCs per 
milliliter for 30 minutes. At the end of the period, the cell monolayers 
were washed with Click’s medium, and the uningested SRBCs were 
then lysed by 15 seconds of exposure to a 1:5 dilution of Hanks’ 
balanced salt solution in water at room temperature. The monolayers 
were then fixed in absolute methanol and stained with Giemsa. 

The C3b receptor expression was assessed according to the meth- 
ods of Wirth and Kierszenbaum.” First, 0.25 mL of a 1:120 dilution of 
rabbit anti-SRBC IgM (Accurate Chemical and Scientific Co) in 
Click’s medium was mixed with an equivalent volume of SRBC 
(1 x 10° cells per milliliter of Click’s medium) suspension and incubat- 
ed for 15 minutes at 37°C. To this suspension, 0.5 mL of a 1:5 dilution 
of normal mouse (DBA/2J) serum (Cda deficient) was added, and this 
mixture was incubated another 30 minutes. The cells were then 
washed three times by centrifugation (550g; 5 minutes; room tem- 
perature) and resuspended in 5 mL of Click’s medium. Fifteen micro- 
liters of this suspension was added to each well of the macrophage 
cultures, which were then incubated for 60 minutes at 37°C in 5% 
carbon dioxide. At the end of this period, unbound cells were removed 
by repeated washing of the macrophage monolayers with Click’s 
medium. The slide was then fixed and stained as described above. As 
a negative control for nonspecific binding in either the Fe or C3b 
receptor assay, macrophages were incubated in the appropriate 
SRBC suspension without the anti-SRBC antibody. 

The number of Fc- or C3b-positive cells was determined by ran- 
domly screening no less than 200 cells. A cell was considered to be 
positive if it had bound and/or ingested no less than three SRBCs, All 
determinations were done in triplicate. No less than three experi- 
ments were run under each condition. 
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Fig 1.—Hemorrhage-induced reduction in the percentage of Fc recep- 
tor—positive activated peritoneal macrophages when cells were har- 
vested at differing periods after the hemorrhagic episode (1-hour 
duration, 35 mm Hg, after adequate resuscitation). Data are presented 
as the mean + SEM. Asterisk indicates that the experimental group 
(closed bars) differed significantly (P<.05) from the sham control 
group (open bars). 


Endotoxin Assay 


Blood was collected aseptically from the heart and transferred to 
sterile 1.5-mL Eppendorf tubes. The blood was then allowed to clot 
on ice and was centrifuged at 10 000g (15 minutes, 4°C); the serum was 
separated, aliquoted, and stored at —70°C until assayed. Samples 
were diluted in pyrogen-free water and assayed for endotoxin by 
means of the quantitative chromogenic limulus amebocyte lysate 
assay (QCL-1000; Whittaker MA Bioproducts, Walkersville, Md) 
according to the manufacturer's directions. All samples were run in 
duplicate and corrected for color with appropriate blanks. 


Presentation of Data and Statistical Analysis 


Data are presented as the mean and SE of three or more separate 
experiments under each condition. Differences in the experimental 
means were considered to be significant if P<.05, as determined by 
the Mann-Whitney U test. 


RESULTS 
Fc Receptor Expression 


To study the effect of hemorrhage on Fc and C3b receptor 
expression, peritoneal macrophages were harvested from 
endotoxin-intolerant C3H/HeN mice 12, 24, and 72 hours 
after hemorrhage and resuscitation. The cells were then incu- 
bated with splenocyte-conditioned medium for 24 hours to 
maximize F¢ and C3b receptor expression. Macrophages har- 
vested from these hypotensive animals exhibited a marked 
decrease in the percentage of Fc receptor—positive cells pre- 
sent 12 hours after hemorrhage (1 hour duration, 35 mm Hg), 
compared with sham controls (Fig 1). Between 24 and 72 
hours passed before these effects disappeared. 


C3b Receptor Expression 


A similar reduction was observed in the percentage of 
peritoneal macrophages from hemorrhagic mice that ex- 
pressed C3b receptors (Fig 2). Here again the largest de- 
crease in C3b receptor—positive macrophages was observed 
as little as 12 hours after hemorrhage, and it appears that 24 to 
72 hours was required before the C3b expression returned to 
normal. 


Production of IL-1 and TNF After Hemorrhage 


Since it has been shown that cytokines primarily produced 
by macrophages, such as IL-1 and TNF-a,” can down- 
regulate the expression of Fe receptors on macrophages,” 
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Fig 2.—Hemorrhage-induced reduction in the percentage of C3b 
receptor—positive activated peritomeal macrophages when cells were 
harvested at differing periods after the hemorrhagic episode (1-hour 
duration, 35 mm Hg, after adequate resuscitation). The data are 
presented as the mean + SEM. Asterisk indicates that the experimen- 
tal group (hatched bars) differed significantly (P<.05) from the sham 
control group (open bars). 
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Capacity of Peritoneal Macrophage to Elaborate 
Interleukin 1 (IL-1) and Tumor Necrosis Factor (TNF) at 
Various Periods After Hemorrhage* 


Time and IL-1 Activity, TNF Activity, 
Treatment Group U/mL U/mL 


2 h after hemorrhage 
Experimental 


Control 67.5 +22.5 


12 h after hemorrhage 
Experimental 


Control 


24 h after hemorrhage 


Experimental §5.3+ 17.3 


50.7+ 14.4 


*The mice were bled and maintained at a mean blood pressure of 35 mm 
Hg for 60 minutes, after which the removed shed blood was returned along 
with Ringer's lactate (twice the shed blood volume). The capacity of 
peritoneal macrophage to produce IL-1 and TNF was determined as 
described in the text. ND indicates notdetermined. 


Control 


studies were carried out to determine whether or not hemor- 
rhage could enhance the capacity of these cells to produce 
mediators. The results of these studies indicated that no 
significant difference was observable in the capacities of mac- 
rophages taken from animals 2, 12, or 24 hours after hemor- 
rhage to produce either IL-1 or TNF (Table). 


Endotoxin Levels After Hemorrhage 


Since it has also been shown that in vitro or in vivo exposure 
to endotoxin can down-regulate macrophage expression of Fe 
and/or C3b receptors, studies were carried out to determine 
the levels of endotoxin present in serum after hemorrhage.*” 
The results of endotoxin determinations made on serum taken 
from mice either 2 or 24 hours after hemorrhage (or from the 
comparative sham controls) were below (<.01 ng of lipopoly- 
saccharide W per milliliter) the detectable limits of the assay. 


Receptor Expression on C3H/HeJ and C3H/HeN 
Mice After H2morrhage 


The lack of detectable endotoxin levels could have been due 
to low production or clearance o* endotoxin to levels below the 
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Fig 3.—Hemorrhage (1-hour duration, 35 mm Hg, after adequate 
resuscitation) depressed the expression of Fc receptors on activated 
peritoneal macrophages taken from either endotoxin-tolerant 
C3H/HeJ or endotoxin-intolerant C3H/HeN mice 24 hours after hem- 
orrhage. The data are presented as the mean percentage of Fc 
receptor—positive cells + SEM. Asterisk indicates that the experimen- 
tal group (closed bars) differed significantly (P<.05) from the sham 
control group (open bars). 


detectable limits of the assay after resuscitation. Studies 
were therefore carried out to determine whether hemorrhage 
has similar effects on Fe and C3b receptor expression in 
endotoxin-tolerant C3H/HeJ mice.” The results of these 
studies indicated that 24 hours after hemorrhage (1-hour 
duration, 35 mm Hg), macrophages from C3H/HeJ mice also 
exhibited a depression in both Fc and C3b receptor expres- 
sion (Figs 3 and 4). 


COMMENT 


Previous studies in this laboratory have indicated that 
macrophage function, such as antigen presentation, was 
markedly depressed after simple hemorrhage, regardless of 
whether the macrophages were of splenic or peritoneal ori- 
gin.” In view of this, we have focused our attention on the 
resident peritoneal macrophage population to determine 
whether the effects produced by hemorrhage are of a more 
systemic nature. The results presented herein indicate that 
after simple hemorrhage and despite adequate fluid resusci- 
tation, there is a significant decrease in the capacity of mouse 
peritoneal macrophages to express either Fc or C3b receptors 
(Figs 1 and 2). The depression of the expression of these 
receptors appears to last at least 24 hours but disappears by 
72 hours after hemorrhage. It is of interest that this depres- 
sion persists despite in vitro stimulation with splenocyte- 
conditioned media (supernatants known to contain interfer- 
on-gamma, an up-regulator of Fe receptor expression”). It 
is possible that in the absence of stimulation these effects may 
last longer; however, this was not tested. The observation 
that C3b receptor expression is depressed after hemorrhage 
correlates well with the studies of Cuddy et al,” who observed 
decreased hepatic complement receptor—mediated erythro- 
cyte clearance after hypotension in rats. This decrease in 
receptor expression may in part explain the depression in 
immune phagocytic function observed after hemorrhage. 
Similarly, such a depression of Fc and C3b receptor expres- 
sion by macrophages may in part explain the enhanced sus- 
ceptibility to sepsis observed after hemorrhage.” 

Recent studies by Arend et al” indicated that cytokines 
such as TNF-a and IL-1, which are primarily produced by 
macrophages,” as well as endotoxin (an agent thought to be 
released during severe hypotension”), can down-regulate 
the expression of Fe receptors on human blood monocytes. 
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Fig 4.—Hemorrhage (1-hour duration, 35 mm Hg, after adequate 
resuscitation) depressed the expression of C3b receptors on activated 
peritoneal macrophages taken from either endotoxin-tolerant 
C3H/HeJ or endotoxin-intolerant C3H/HeN mice 24 hours after hem- 
orrhage. The data are presented as the mean percentage of C3b 
receptor—positive cells + SEM. Asterisk indicates that the experimen- 
tal group (hatched bars) differed significantly (P<.05) from the sham 
control group (open bars). 


Similarly, Cuddy et al’ indicated that intravenous administra- 
tion of endotoxin significantly decreased hepatic complement 
receptor—-mediated erythrocyte clearance in rats. Taken to- 
gether, these findings suggest that the depression in Fe 
and/or C3b receptor expression on peritoneal macrophages 
after hemorrhage might be linked to enhanced cytokine pro- 
duction by these macrophages and/or to the release of endo- 
toxin after hemorrhage due to bacterial translocation during 
hypotension.” The results of studies carried out on macro- 
phages harvested from mice 2, 12, or 24 hours after hemor- 
rhage showed no significant changes in the capacity of these 
cells to produce either IL-1 or TNF. Similarly, serum endo- 
toxin levels taken from mice either 2 or 24 hours after hemor- 
rhage were below the detectable limits of the limulus amebo- 
cyte lysate assay. These observations suggest that enhanced 
cytokine production by these cells or the presence of endotox- 
in after hemorrhage may not be directly associated with the 
loss of Fc and C3b receptor expression (Table). However, this 
is not to say that increased blood levels of IL-1 and/or TNF 
might not account for these changes. These, however, were 
not measured, since a variety of inhibitors of the effects of 
cytokines are present in serum, making determinations of 
these cytokine levels difficult with the use of cellular assays.” 
It is of interest that work by Abraham et al” indicated that IL- 
1 production by rat blood monocytes was enhanced 2 hours 
after hemorrhage. However, since the model used by Abra- 
ham et al” differs significantly from that used here (their 
animals were bled to fixed volume and were not resuscitated), 
it is possible that if resuscitation is not provided after hemor- 
rhage, IL-1 production might increase. Finally, while we did 
not detect significant levels of endotoxin in the serum after 
hemorrhage, it is possible that endotoxin released during the 
hypotensive period either may have been present at levels too 
low to detect with this assay (<.01 ng of lipopolysaccharide W 
per milliliter) or may have been cleared from systemic circula- 
tion before sampling and, as such, may have already induced 
the changes observed. However, results comparing the ef- 
fects of hemorrhage on Fc and C3b receptor expression using 
macrophages from an inbred strain of mouse, C3H/Hed, 
which is tolerant to endotoxin,” indicated that both Fe and 
C3b receptors are suppressed to an extent similar to that 
observed with endotoxin-intolerant C3H/HeN mice (Figs 3 
and 4). Thus, it appears unlikely that endotoxin is the primary 
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mediator of this depression after hemorrhage. 

The nature of the depression in Fe and C3b receptor ex- 
pression after hemorrhage is currently unknown. However, 
it is of interest that another function of the macrophages, 
antigen presentation, is also depressed after hemorrhage." 
This depression also does not appear to be attributable to 
endotoxin, as both C3H/HeJ and C3H/HeN mice are similarly 
affected. ™™ Studies by Stephan et al” on the effects of simple 
blood transfusion indicate that the capacity of macrophages to 
present antigen was not compromised by infusion of syngene- 
ic whole blood, suggesting that the changes observed here in 
macrophage receptor expression are most likely not due to 
infusion of blood that had been stored no more than 1 hour. 
Hemorrhage, in other model systems, is known to up regulate 
the release of other agents, such as corticosteroids, catechol- 
amines, and prostaglandins,’ that could have an effect on 
macrophage receptor expression. However, glucocorticoids 
appear to enhance, and not suppress, Fc receptor expres- 
sion.” Alternatively, it is known that after thermal injury, B- 
adrenergic blockers appear the have the capacity to preserve 
hepatic complement receptor-mediated clearance capacity,” 


suggesting that catecholamines might depress C3b receptor 
expression. The levels of these agents in the mouse after 
hemorrhage, however, are unknown, making it difficult to 
speculate on their role in this process. 

Thus, the inability of host macrophages to clear opsonized 
infectious agents is due in part to the loss of Fe and C3b 
receptors on macrophages. This may contribute to the host’s 
enhanced susceptibility to sepsis after hemorrhage. Studies 
have, in fact, demonstrated that despite adequate fluid resus- 
citation after simple hemorrhage, mice exhibit enhanced sus- 
ceptibility to sepsis.’ The mechanism inducing this reduction 
in the expression of Fe and C3b receptors appears to be 
related to factors other than increased macrophage elabora- 
tion of IL-1 or TNF or the release of endotoxin after 
hemorrhage. i 
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Discussion 


J. WESLEY ALEXANDER, MD, Cincinnati, Ohio: The first question 
that I would like to raise is about the correlation of the receptor 
density on these cells, as measured by the assay the authors used, 
with resistance to infection and phagocytic capability of the macro- 
phages that they have been studying. 

First of all, there was depressed receptor expression as they noted 
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in stimulated cells. The second question is: Did the authors see these 
in nonstimulated cells as well? Dr Jim Ogle in our laboratory has been 
looking at human phagocytes in a variety of experiments recently, 
upregulating the Fe and C3b receptors with both N-formyl-met-leu- 
phe and a variety of cytokines, one of the most potent of which is 
granulocyte-macrophage colony stimulating factor. He then mea- 
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sured receptor density with specific monoclonal antibodies, which 
may actually be easier and more precise than the biologic method the 
authors have used. In his studies he has been able to find no direct 
correlation between the receptor expression after stimulation and 
the ability to phagocytize or kill bacteria. 

Therefore, my next question is: Do the authors have any other 
direct correlation using the same sets of cells that there is a biologic 
and physiologic correlation between Fc and Cb receptor expression 
on the cells and their actual ability to phagocytize and kill? You may 
be also looking at the number of cells that have expressed these 
receptors perhaps more than the numbers of receptors on the cells. 

I would like to ask a question related to the mechanism of the 
observed response. What is the trigger for this? Certainly there are 
many other physiologic events that go along with shock, such as an 
effect on protein synthesis and decreased oxygen delivery, and I 
wonder if the authors have made observations in the laboratory as to 
the effect of just these alone on receptor function. If so, are not all 
functions of the cell affected more or less equally? 

Finally, Abraham showed that hemorrhaged animals had an immu- 
nosuppressive peptide in their serum, and I wondered if incubation of 
the serum from the authors’ animals had an upregulating or a de- 
pressing effect on the receptors. 

HOWARD R. FORD, MD, Pittsburgh, Pa: I think what the authors 
have demonstrated is something that is actually already well known, 
that is, that Fe receptor expression by the macrophages is not neces- 
sarily dependent on IL-1 or TNF production. Actually, a number of 
studies have shown that it is primarily the function of macrophage 
colony-stimulating factor (M-CSF). In fact, one of the main functions 
of M-CSF is to cause the maturation of the monocyte into a macro- 
phage, and Fc receptor expression is one of the primary features of 
the mature phagocyte. 

I was wondering if the authors looked at M-CSF levels in the 
serum, or if they studied the ability of their monocytes to secrete M- 
CSF in vitro. It is likely that these observations, ie, the decrease in Fe 
receptor expression, may be related to decreased M-CSF production. 

MARC E. LANSER, MD, Boston, Mass: I was wondering why the 
authors chose to measure the number of Fe and Cb receptors by 
counting the percentage of cells that have ingested or bound greater 
than three erythrocytes. It is certainly one method, but I wonder 
what their results would have been if, instead of counting the percent- 
age of cells that ingested that number of erythrocytes, they had 
calculated the results in terms of the total number of erythrocytes 
ingested per cell or the percentage of cells ingesting one or more 
erythrocytes. Why did they pick that particular measurement? 

The other question centers around the statement that endotoxin 
and the monokines TNF and IL-1 down-regulate C3b receptors. I am 
under the impression that endotoxin is a powerful inducer of CR3, 
and TNF has also been shown to induce CR3 expression. I wonder if 
the authors could straighten that out for me. 

MARK P. CALLERY, MD, St Louis, Mo: Could the authors assimi- 
late for us the alterations in systemic immunity after hemorrhage by 
correlating their reported deficits of antigen presentation at intervals 
after hemorrhage with their observed decreased receptor expression 
for phagocytosis? 

H. HANK SIMS, MD, Providence, RI: I have a question about the 
method with which the authors prepared their complement-coated 
targets. Could they comment on the technique that they used to 
absorb factor beta 1 H and factor I from their C5a-deficient serum? 
And if they did not absorb factor beta 1 H and factor I, how do they 
know that the C3 existed as C3b and not C3dg? 

DR AYALA: Concerning Dr Alexander's question on the relation- 
ship of depressed receptor density and enhanced susceptibility to 
sepsis, studies in our laboratory indicate that after hemorrhage, mice 
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are more susceptible to sepsis. We have not, however, directly 
correlated in vivo uptake by the reticuloendothelial system with the 
changes observed in Fc and C3b receptors. In regard to why we used 
stimulated and not unstimulated cells, this relates in part to studies 
we previously performed examining changes in la expression associ- 
ated with macrophages taken from hemorrhaged mice, and those 
results were presented at the 1989 Federation of American Societies 
for Experimental Biology meeting. 

When we examined the macrophages taken from hemorrhaged 
mice, either in vitro stimulated or resting, we saw depression in la 
antigen expression. However, the extent of Ia expression was much 
lower in resting macrophages. In this study, we wanted to maximize 
the Fc and C3b receptor expression, and therefore our studies were 
focused on stimulated macrophages. 

Although we did not examine unstimulated macrophages, it ap- 
pears from our observation that even if one upregulates these cells by 
exposure to conditioned media (media known to contain interferon- 
gamma, colony-stimulating factors, and various interleukins) to max- 
imize expression of Fe or C3b receptors or Ia antigens, they still do 
not readily overcome the adverse effects of the insult induced by 
hemorrhage. 

With regard to other cell functions that we have looked at concern- 
ing this particular depression, we have examined antigen presenta- 
tion, as I previously mentioned. It is similarly depressed. In regard to 
receptor expression in relationship to antigen presentation, Ia anti- 
gen (Major Histocompatibility Complex class II antigen) is depressed 
both in resting unstimulated macrophages and in activated macro- 
phages for up to 3 days after hemorrhage. Thus, it is a little more 
severe in that situation and I am not sure what the difference is 
between those two states. 

As to what the actual mechanism (ie, reduced oxygen delivery, 
release of suppressive serum factors, etc) is that induces the changes 
we have observed here, we can only speculate at this time. 

Another question raised was what other cytokine affectors than 
those we examined might have affected Fe receptor expression. I 
think that Dr Ford alluded to one that we have not tested (M-CSF). 
As to why we chose to examine IL-1 and TNF, the literature indicates 
that these cytokines can down-regulate the expression of Fe and C3b 
receptors on macrophages. 

Concerning Dr Lanser’s question as to why we chose to use the 
binding of a minimum of three erythrocytes as indicative of a C3b or 
Fe receptor-positive cell, a “rosette,” by definition in this assay, is 
represented by a macrophage that has bound three or more erythro- 
cytes. This allows for the exclusion of random or weak association 
between macrophages and the erythrocytes. 

Another question raised by Dr Lanser was why we considered 
endotoxin as a down-regulator. The studies by Cuddy et al and 
Loegering indicated that immediately after hemorrhage there is a 
reduction of in vivo clearance of IgM-coated erythrocytes by the 
liver. They further proposed that endotoxin released during hemor- 
rhage might be responsible for this, since the administration of 
endotoxin alone could produce similar effects. 

Dr Callery asked whether the changes in other macrophage func- 
tions, such as antigen presentation, relate to Fe receptor changes. As 
mentioned earlier, we have done studies previously looking at anti- 
gen presentation in which we observed slightly different kinetics 
after hemorrhage. Ia antigen expression, as well as the capacity to 
present antigen, remain depressed for up to 5 days after hemorrhage. 

Finally, while we do not have a clear handle on what affector during 
hypotension induces these effects, I think we can suggest that endo- 
toxin is not the primary mediator. 

With regard to Dr Simm’s questions concerning the technique for 
C3b receptor studies, those details are provided in the manuscript. 
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Identification of a Novel Tumor Necrosis 


Factor a/Cachectin From the Livers of 
Burned and Infected Rats 


Christopher Keogh; Yuman Fong, MD; Michael A. Marano, MD; Sophie Seniuk; Wei He, MD; Annabel Barber, MD; 
Joseph P. Minei, MD; Diane Felsen, PhD; Stephen F. Lowry, MD; Lyle L. Moldawer, PhD 


è Tumor necrosis factor a (TNF-«)/cachectin is a monocyte/ 
macrophage-derived cytokine implicated as a proximal mediator 
of many of the catastrophic host responses to infection or endo- 
toxin. However, circulating levels of TNF-o/cachectin have only 
been episodically detected in hospitalized patients with life- 
threatening bacterial infections. In the present report, increased 
quantities of immune-reactive TNF-c/cachectin were recovered 
from the livers of rats 3 days following a lethal burn and infection. 
Two species of TNF-c/cachectin were detected, one of approxi- 
mately 29 kd and the other 17 kd, as determined by sodium 
dodecyl sulfate—polyacrylamide gel electrophoresis. In murine 
peritoneal macrophages and rat Kupffer cells stimulated in vitro 
with endotoxin, a 29-kd cell-associated and 17-kd secreted form 
were also detected. We conclude that the increased appearance 
in vivo of a 29-kd form of TNF-c/cachectin from the livers of 
lethally burned and infected rats represents a novel cell-associ- 
ated form of the protein. 

(Arch Surg. 1990;125:79-85) 


1 eave necrosis factor a (TNF-«)/cachectin is a pleiotropic 
cytokine produced by a variety of cells, including blood 
monocytes, tissue macrophages, endothelial cells, and kera- 
tinocytes.' Recent studies have demonstrated that an exag- 
gerated TNF-o/cachectin response often leads to hemody- 
namic collapse, shock, and death.*” In addition, other reports 
have suggested that during chronic or sublethal infections, 
TNF-a/cachectin is an important contributor to the hemato- 
logic, hepatic, and skeletal muscle changes commonly ob- 
served.*” 

Despite its importance as a proximal mediator of the inflam- 
matory response to endotoxin or gram-negative bacteria, 
routine detection of TNF-a/cachectin in the circulation of in- 
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fected individuals has been infrequent. In two recent reports, 
Waage et al and Marano et al’ detected TNF-a/cachectin in 
the circulation of only 23% and 21% of samples from patients 
with meningococcal infections and thermal injury—related 
sepsis, respectively. Although both studies confirmed that 
the frequency of detecting TNF-a/cachectin in the blood of 
patients dying of meningococcal sepsis or thermal injury was 
significantly higher than in survivors, in both cases the fre- 
quency of detection was less than might be anticipated if 
TNF-a/cachectin were a major contributor to tissue injury.”’ 

In a recent report? we examined the appearance of 
TNF-a/cachectin in the circulation of rats subjected to a 30% 
full-thickness scald burn and Pseudomonas aeruginosa sep- 
sis. Despite 100% mortality from the burn and infection with- 
in 9 to 11 days, circulating TNF-a/cachectin could only be de- 
tected in 18% of the samples. However, the quantity of 
TNF-o/cachectin messenger RNA in the livers of such ani- 
mals was increased in the burned and infected rats. Since 
Kupffer cells represent the single largest source of tissue 
macrophages in the body and are capable of synthesizing 
TNF-o/cachectin in vitro,’ the present study sought to con- 
firm whether the synthesis of liver-derived TN F-a/cachectin 
was increased in burned and infected rats despite infrequent 
detection in the circulation. Two species of TN F-a/cachectin 
were recovered from the livers of burned and infected rats, a 
29-kd and a 17-kd species. In murine peritoneal macrophages 
and rat Kupffer cells, a 29-kd TNF-a/cachectin was cell- 
associated. The production of a cell-associated form of TNF- 
a/cachectin may be an important paracrine mediator for the 
liver response to injury and infection. 


MATERIALS AND METHODS 
Animals and Experimental Design 


Male Wistar rats (Charles River Breeding Laboratories, Tarry- 
town, NY) weighing between 200 and 250 g were used. For the burn 
and infection studies, rats were anesthetized with the intraperitoneal 
administration of 50 mg of sodium pentobarbital per kilogram of body 
weight. Once anesthesia was induced, the hair on the dorsum was 
shaved and the rats were gently restrained in a Plexiglas mold that 
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exposed a predefined region of the dorsum. The animals were sub- 
jected to a 30% body surface area full-thickness scald burn by immers- 
ing the exposed dorsum in 95°C water for 10 seconds. The animals 
were immediately removed from the restraint, the scald wound was 
dried, and approximately 10° colony-forming units of Pseudomonas 
aeruginosa were directly applied to the burned skin. The animals 
were allowed to recover from the anesthesia and were transferred to 
plastic cages with pine shavings bedding, where they were permitted 
to consume a standard laboratory chow and tap water ad libitum. 
After 2, 3, or 5 days, the rats were anesthetized with pentobarbital, 
and the livers were rapidly removed and frozen in liquid nitrogen. 
Aliquots of frozen liver were stored at — 70°C until analysis. 

All animal protocols were submitted to and approved by the Insti- 
tutional Animal Care and Use Committee of Cornell University 
Medical College, New York, NY. The Research Animal Resource 
Center of Cornell University Medical College is fully accredited by 
both the US Department of Agriculture and the American Associa- 
tion of Laboratory Animal Care and adheres to the Guidelines for 
Laboratory Animal Care promulgated by the American Physiologi- 
cal Society. 


Peritoneal Macrophages 


For in vitro cell studies, female (>15 g) C57BL/6 mice (The Jackson 
Laboratories, Bar Harbor, Me) were employed. Peritoneal macro- 
phages were elicited by the intraperitoneal administration of 1 mL of 
4% sterile thioglycollate (Grand Island Biologics Co [Gibco], Grand 
Island, NY). After 72 hours, the peritoneal cavity was washed with 
3 mL of RPMI 1640 medium containing 100-U/mL penicillin and 
100 mg/L streptomycin. Cells were pelleted by centrifugation at 
approximately 1500 g for 10 minutes and plated at approximately 
1 x 10° cells per well in 24-well microtiter plates containing 1 mL of 
RPMI 1640 (pH 7.2, Gibco) containing 2-g/L sodium bicarbonate, 
30-ymol/L N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid, 
10% heat-inactivated fetal calf serum, and penicillin and streptomy- 
cin (complete RPMI 1640 from Gibco). After 60 minutes, nonadherent 
cells were removed by gently rinsing the plates twice with fresh 
media. 


Isolation of Rat Kupffer Cells 


Male Wistar rats weighing 200 to 250 g were employed. The 
animals were anesthetized with pentobarbital (50 mg per kilogram of 
body weight) and anticoagulated with 100 U of heparin, and a midline 
incision was made. The portal vein and inferior vena cava were 
cannulated, and the liver was perfused initially with Hanks’ balanced 
salt solution (10 mL/min, Gibco) at 37°C for 10 minutes. Collagenase 
(2.5 g/L, Boehringer-Mannheim, Indianapolis, Ind) was added to the 
perfusate, and the livers were perfused at 45 mL/min for 20 minutes. 
Livers were rapidly removed, and freed cells were filtered through 
52-um nylon mesh (Nitrex, Tetko Inc, Basel, Switzerland). Kupffer 
cells were subsequently isolated from hepatocytes and accessory cells 
by density centrifugation.” Initially, cells were spun four times at 50g 
for 2 minutes; enriched Kupffer cells in the supernatant were then 
pelleted by centrifugation at 300g for 10 minutes. Cells were resus- 
pended in equal volumes of RPMI 1640 (Gibco) and isosmotie Percoll 
(Pharmacia, Piscataway, NJ) and centrifuged at 31 000g for 30 min- 
utes at 4°C. The Kupffer cell fraction was washed in complete RPMI 
1640 with 10% fetal calf serum (containing 50-mg/L gentamicin sul- 
fate) and pelleted at 300g for 10 minutes. Cells were plated in 24-well 
microtiter plates at a cell density of approximately 1 x 10° cells per 
milliliter, and nonadherent cells were removed by gentle washing 
with cold complete RPMI 1640. 


In Vitro TNF-a/Cachectin Production 


Mouse peritoneal and rat Kupffer cells were stimulated in vitro 
with 10-mg/L Escherichia coli 0127:B8 lipopolysaccharide (Sigma 
Chemical Co, St Louis, Mo) for varying lengths of time, as described 
in the “Results” section. Cell supernatants were removed and concen- 
trated 10-fold to 20-fold by dialysis (3000-d molecular weight cutoff, 
Spectropor, Spectrum Medical Instruments, Los Angeles, Calif) 
against polyethylene glycol (20 000 d) at 4°C. Cells were washed 
twice with ice-cold buffered saline and scraped from the bottom of the 
plates with a rubber policeman. For TNF-a/cachectin bioactivity, 
cells were suspended in normal saline containing a protease-inhibitor 
cocktail (phenylmethylsulfonylfluoride, 100 pmol/L; pepstatin, 
1 mg/L, in dimethylsulfoxide; leupeptin, 30 pmol/L; and aprotinin, 
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4 g/L) and lysed by four freeze-thaw cycles and/or sonification. For 
Western analyses, cells were lysed with 10-mmol/L TRIS (pH 7.4), 
150-mmol/L sodium chloride, 0.1% sodium dodecyl sulfate, and prote- 
ase-inhibitor cocktail and subjected to four freeze-thaw cycles. Sam- 
ples were stored at — 70°C until analysis. 


Western Analyses for TNF-a/Cachectin 


Western analysis for TNF-a/cachectin immune-reactive protein 
was performed as previously described." Very briefly, liver homoge- 
nates, concentrated cell supernatants, or cell-associated fractions 
from murine peritoneal macrophages were solubilized in an equal 
volume of loading buffer (652-mmol/L TRIS [pH 7.4], 100-pmol/L 
ethylenediaminetetraacetic acid, 10% glycerol, 5% sodium dodecyl 
sulfate, 2% 2-mercaptoethanol, and 0.01% bromopheny] blue), boiled 
for 10 minutes, and loaded onto 10% to 15% polyacrylamide gels 
1.5 mm thick, with sodium dodecyl sulfate. Gels were electrophor- 
esed in a buffer containing 193-mmol/L glycine, 37-mmol/L TRIS (pH 
7.4), and 0.5% sodium dodecyl sulfate at 50 mA for 5 hours. Proteins 
were transferred to nitrocellulose (BA-45, Schleicher & Schuell, 
Keene, NH) by electrotransfer (BioRad, Richmond, Calif) at 50 V for 
4 hours. These filters were blocked overnight with 5% fat-free dry 
milk (Alba, HJ Heinz, Pittsburgh, Pa) in 10-mmol/L TRIS (pH 7.4), 
150-mmol/L sodium chloride, 0.05% Tween-20 (BioRad), and 1% 
bovine serum albumin (Fraction V, Sigma Chemical Co), followed by 
exposure for 2 hours to a rabbit anti-murine 17-kd TNF-c/cachectin 
antiserum (1:100, TRIS-buffered saline with Tween-20, albumin, and 
milk). Rabbit anti-murine TNF-a/cachectin antiserum was raised 
against TNF-a/cachectin isolated from endotoxin-stimulated RAW 
264.7 cells (American Type Culture Collection, Rockville, Md)." 
After the filters were washed three times with TRIS-buffered saline, 
Tween-20, and albumin, the filters were incubated with alkaline 
phosphatase—conjugated goat anti-rabbit IgG (Promega, Madison, 
Wis) at a 1:5000 dilution for 30 minutes. After three additional wash- 
es, the filters were developed by exposure to nitroblue tetrazolium 
salts. 


Immunoprecipitation of TNF-a/Cachectin 


Concentrated cell supernatants or cell lysates from mouse perito- 
neal macrophages or rat Kupffer cells incubated in the presence of 
(“S]methionine were processed initially as for Western analysis. 
Concentrated supernatants or cell lysates were gently shaken with a 
10% rabbit anti-murine TNF-a/cachectin antiserum for 18 hours at 
4°C. One fourth volume of 10% heat-killed Staphylococcus albus 
(Pansorbin, Cal-Biochem, La Jolla, Calif) was added, and the samples 
were rocked for an additional 15 minutes at room temperature and 
then for 105 minutes at 4°C. The suspension was centrifuged at 
12 000 rpm for 10 minutes, and the supernatant was discarded. The 
Pansorbin pellet was then washed eight times with 50-mmol/L TRIS 
(pH 7.4), 150-mmol/L sodium chloride, 0.3% sodium dodecyl sulfate, 
and 0.1% Triton X-100. The pellet was dissolved in 10-mmol/L TRIS, 
100-ymol/L ethylenediaminetetraacetic acid, 10% glycerol, 0.01% 
bromophenyl blue, 5% sodium dodecyl sulfate, and 2% 
2-mercaptoethanol and boiled for 10 minutes. The sample was loaded 
onto a 10% to 15% gradient sodium dodecyl sulfate—polyacrylamide 
gel and electrophoresed, as described for the Western analysis. The 
gel was subsequently fixed with methanol:water:acetic acid (3:6:1, 
v:v:v), soaked in scintillant (EnH*ance, New England Nuclear Lab- 
oratories, Boston, Mass), and dried on a gel slab dryer (Bio-Rad) at 
60°C for 2 hours. Autoradiography was performed with Kodak 
X-omat AR film at — 70°C. 


Measurement of TNF-a/Cachectin Bioactivity 


Tumor necrosis factor/cachectin activity in cell supernatants was 
determined using the murine L-929 cytotoxicity assay." Approxi- 
mately 50 000 L-929 fibroblasts per well (American Type Culture 
Collection 1.3) were plated into 96-well microtiter plates with com- 
plete Dulbecco's minimum essential medium (Gibco) containing 10% 
fetal bovine serum and 1-mg/L actinomycin D. Supernatants and cell 
lysates from in vitro cell populations were added in varying dilutions. 
Recombinant human TNF-o/cachectin (Chiron Corp, Emeryville, 
Calif) was used as the cytotoxicity standard. Eighteen hours later, 
cell viability was determined by the ability of cells to reduce 3-[4,5- 
dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium blue (MTT, Sigma 
Chemical Co). Four hours later, cells were lysed with 0.04N hydro- 
chloric acid in isopropanol, and after the addition of an equal volume of 
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Fig 1.—Western analyses of immune-reactive tumor necrosis factor 
a (TNF-a)/cachectin from livers of burned and infected rats. Livers 
were obtained from healthy (A), burned (B), and burned and infected 
(C) rats after 3 (left) and 5 (right) days. RAW 264.7 is a macrophage- 
like cell line; when stimulated with lipopolysaccaride (LPS), these cells 
secrete copious amounts of low—molecular-weight TNF-a/cachectin. 
Tissues were solubilized in 5% sodium dodecyl sulfate and 2% 
2-mercaptoethanol, separated by sodium dodecyl sulfate—polyacryla- 
mide gel electrophoresis, and transferred to nitrocellulose. Immune- 
reactive TNF-a/cachectin was visualized with a polyclonal rabbit anti- 
murine TNF-a/cachectin antiserum and an alkaline phosphatase- 
conjugated anti-rabbit IgG. Left, A single band of immune-reactive 
protein of approximately 29 kd was observed that was increased in 
livers of burned and infected rats after 3 days. Right, Immune-reactive 
TNF-a/cachectin of 17 and 29 kd was detected in livers of burned and 
infected rats after 5 days. 


distilled water, reduced MTT was measured spectrophotometrically 
with an enzyme-linked immunosorbent assay plate reader. The quan- 
tity of TNF-a/cachectin present was estimated from the intensity of 
measured color at 570 nm, and values were estimated by interpolation 
from a standard curve with recombinant human TNF-a/cachectin. 


RESULTS 


Livers from healthy, burned, and burned and infected rats 
were subjected to sodium dodecyl sulfate—polyacrylamide gel 
electrophoresis and, following transfer to nitrocellulose, were 
probed for immune-reactive TNF-a/cachectin with polyclonal 
anti-murine TNF-a/cachectin antiserum. Preliminary stud- 
ies demonstrated that this antiserum cross-reacts with rat 
TNF-a/cachectin and effectively neutralizes endogenous 
TNF-a/cachectin production in rats given lethal quantities of 
endotoxin (data not reported). As shown in Fig 1, this rabbit 
anti-murine TNF-a/cachectin antiserum recognized two ma- 
jor bands of protein of approximately 29 and 17 kd (plates A 
and B). The 29-kd protein was uniformly detected in the livers 
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Fig 2.—Identification of immune-reactive tumor necrosis factor a 
(TNF-«)/cachectin from lipopolysaccaride (LPS)-stimulated peritone- 
al macrophages. Thioglycollate-elicited peritoneal macrophages 
were harvested from C57BL/6 mice and stimulated in vitro with 
10-mg/L LPS. After 2, 8, and 24 hours, cell supernatants and lysates 
were probed for immune-reactive TNF-a/cachectin. Immune-reactive 


cell-associated protein was detected at 2 and 8 hours after LPS 


stimulation (left). The molecular weight the cell-associated TNF-a was 
approximately 29 kd, whereas 17-kd TNF-a/cachectin was secreted 
and detected principally after 8 hours (right). 
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Fig 3.— Immune precipitation of S-labeled tumor necrosis factor a 
(TNF-c)/cachectin from peritoneal macrophages stimulated with lipo- 
polysaccharide. Peritoneal macrophages were stimulated with 
10-mg/L lipopolysaccharide for 2 hours in the presence of 9.3 
x 10°-Ba/L [*’S]methionine. Cell-associated TNF-a/cachectin had an 
approximate molecular weight of 29 kd, whereas the secreted form 
was principally 17 kd. 


of the burned and infected rats (plates A and B), whereas the 
17-kd form was found less frequently (plate B). In addition, 
the 29-kd protein was occasionally present in livers from 
healthy rats (plate A). However, in livers of burned and 
infected rats, the quantities of immune-reactive TNF-a/ca- 
chectin were always markedly increased. 

The appearance of a species of TNF-a/cachectin with a 
larger molecular weight prompted additional studies with 
murine peritoneal macrophages. Murine peritoneal macro- 
phages were stimulated in vitro with 10-mg/L E coli endotox- 
in. Two, 8, and 24 hours later, cell supernatants and frozen 
and thawed and/or sonicated cell lysates were probed for 
TNF-o/cachectin by denaturing sodium dodecyl sulfate—po- 
lyacrylamide gel electrophoresis and Western analysis. As 
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shown in Fig 2, immune-reactive TNF-a/cachectin was de- 
tected in both cell lysates and concentrated cell supernatants 
from elicited murine peritoneal macrophages stimulated with 
endotoxin. The apparent molecular weight of the TNF-a/ca- 
chectin species in the supernatant was 17 kd, and concentra- 
tions peaked at 8 hours. In contrast, cell-associated TNF-a 
was detected maximally after 2 and 8 hours, and the apparent 
molecular weight of the TNF-a was 29 kd. 

To determine whether both species were newly synthe- 
sized in response to endotoxin, elicited peritoneal macro- 
phages were stimulated with 10-mg/L endotoxin in the pres- 
ence of [“S}methionine for 2 hours. Cell supernatants and cell 
lysates were immune-precipitated with the anti-TNF-a/ca- 
chectin antiserum, separated by sodium dodecyl sulfate—po- 
lyacrylamide gel electrophoresis, and visualized by autoradi- 
ography. As shown in Fig 3, a newly synthesized 
TNF-o/cachectin of 29 kd was detected solely in the cell- 
associated fraction, whereas the only form detected in the 
supernatant was the 17-kd species. 

When rat Kupffer cells were stimulated in vitro with lipo- 
polysaccharide in the presence of [S*]methionine, two forms 
of immune-reactive TNF-a/cachectin were also detected (Fig 
4). In the cell supernatants (secreted), a 17-kd species was 
most prominent, and quantities were greatest at 8 hours 
following lipopolysaccharide stimulation. A 29-kd cell-associ- 
ated form of TNF-a/cachectin was detected at 2 hours but not 
at 8 hours following lipopolysaccharide exposure. 

To determine whether both varieties of TNF-a/cachectin 
from murine peritoneal macrophages were bioactive, endo- 
toxin-stimulated cell lysates and cell supernatants from peri- 
toneal macrophages were incubated with the TNF-a/cachec- 
tin-sensitive cell line L-929 in the presence of actinomycin D. 
As shown in Fig 5, both the cell-associated fractions and the 
supernatants had cytolytic activity. Based on serial dilutions 
of cell-associated fractions and secreted protein, the quantity 
of secreted TNF-a bioactivity from 1.0x10° cells in each 
24-well microtiter plate was 20 to 50 times greater than the 
quantity of cell-associated TNF-a bioactivity. A 1:50 dilution 
of cells produced half-maximal killing of the L-929, whereas a 
1:1000 dilution of secreted protein produced the same degree 
of cell killing. In addition, peak bioactivity in the cell-associ- 
ated fraction was detected at 2 hours following endotoxin 
stimulation, and bioactivity decreased thereafter throughout 
the 24 hours (Fig 6). In contrast, bioactivity in the cell super- 
natant peaked at 8 hours and declined only slightly at 24 
hours. 


COMMENT 


Tumor necrosis factor/cachectin is a biologically active cy- 
tokine synthesized by a variety of tissue types, including 
blood monocytes and tissue macrophages, in response to a 
variety of exogenous stimuli. The endogenous production of 
TNF-o/cachectin has been suggested as a proximal mediator 
of several tissue-specific responses to injury and infection.’ 
An exaggerated TNF-a/cachectin response has also been 
implicated in the hemodynamic and histologic changes seen in 
shock induced by endotoxemia and gram-negative bacteria.” 

Despite the presumed fundamental role of TNF-a/cachec- 
tin in infection, efforts to detect circulating TNF-a/cachectin 
have been problematic. In several recent studies, the fre- 
quency of detected circulating TNF-a/cachectin in patients 
with bacterial infections, cancer, or thermal injury was less 
than 50%.**" In an earlier report, we observed only an 18% 
frequency of TNF-o/cachectin in serum samples of burned 
rats dying of Pseudomonas sepsis.* Livers from such animals, 
however, had significantly increased quantities of TNF-a/ca- 
chectin mRNA. We proposed that the local production of 
TNF-o/cachectin in particular and cytokines in general may 
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Fig 4.—Immune precipitation of S-labeled tumor necrosis factor a (TNF-«)/cachectin from lipopolysaccharide (LPS)- 
stimulated Kupffer cells. Rat Kupffer cells were placed into cell culture, as described in the “Materials and Methods" section. 
Cells were stimulated with 10-mg/L LPS for 2 or 8 hours in the presence of 18.5 x 10°-Ba/L [*S]methionine. Immune- 
reactive TNF-«/cachectin was resolved by immune precipitation, sodium dodecyl sulfate—polyacrylamide gel electrophore- 
sis, and autoradiography. Secreted TNF-«/cachectin with a molecular weight of 17 kd was detected after 8 hours, whereas 


29-kd cell-associated TNF-a was observed after 2 hours. 
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Fig 5.—Tumor necrosis factor a (TNF-a)/cachectin-like L-929 cyto- 
toxicity from murine peritoneal macrophages stimulated with endotox- 
in. Approximately 1.0 x 10° cells were incubated with 1 mL of complete 
RPMI 1640 containing 10% fetal calf serum and 10-mg/L lipopolysac- 
charide. After 8 hours, cell supernatants and lysates were tested for 
L-929 cytotoxicity. The cell dilution represents the fraction of total cell 
lysate (solid circles) or secreted supernatant (open circles) from each 
well required to produce a degree of cell killing. Based on these 
dilutions, the bioactivity of secreted TNF-a/cachectin was 20 to 50 
times greater than for cell-associated TNF-a/cachectin. 


be an important paracrine mechanism for intraorgan commu- 
nication between immune and nonimmune cells. We can now 
confirm the presence of immune-reactive TN F-a/cachectin in 
the livers of burned and infected rats. 

Immune-reactive TN F-a/cachectin was also detected in the 


Arch Surg—Vol 125, January 1990 





Cell Killing, % 


2 8 24 8 h After Exposure 
a an aÀ to Anti—Murine 


Time After LPS Exposure,h = TNF/Cachectin 

Antiserum 
Fig 6.—Time course of tumor necrosis factor a (TNF-a)-like L-929 
cytotoxicity by lipopolysaccharide-stimulated peritoneal macro- 
phages. Maximal cell killing by cell-associated fractions (open bars, 
1:100 dilution) peaked at 2 hours and declined thereafter. In contrast, 
secreted TNF-a/cachectin bioactivity (solid bars, 1:500 dilution) 
peaked at 8 hours. In both cases, incubation with an anti-TNF-a/ca- 
chectin antiserum (1%) neutralized cell killing. 


livers of healthy rats, albeit at a much lower level and at a 
lower frequency. These findings are consistent with the re- 
cent observation of Tovey and colleagues,” who reported 
constitutive TNF-a/cachectin mRNA production in the liver 
and other reticuloendothelial organs of noninfected individ- 
uals. The presence of immune-reactive TNF-a/cachectin in 
the livers of apparently healthy animals suggests an addition- 
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al, nondescribed function for this protein in normal tissue 
homeostasis. 

Two distinct species of TNF-a/cachectin were detected in 
the livers of both healthy and burned and infected rats, al- 
though the quantities of both proteins were higher in the 
livers of the burned and infected animals. The 29-kd 
TNF-a/cachectin species identified in the livers of these ani- 
mals is larger than previously observed for circulating murine 
TNF-o/cachectin (17 kd). Additional in vitro studies from 
both murine peritoneal macrophages and rat Kupffer cells 
confirmed the presence of two distinct TNF-a/cachectin 
species. 

Polymorphism for TNF-a/cachectin has been observed pre- 
viously. In an earlier report, Kriegler et al“ identified a 
higher-molecular-weight (26 kd), bioactive form of TNF- 
a/cachectin synthesized by human blood mononuclear cells. 
They proposed that this higher—-molecular-weight form of 
TNF-a/cachectin represented a partially processed precur- 
sor protein that was membrane-bound. We can extend the 
observation of a higher—molecular-weight TNF-a/cachectin 
species to peritoneal exudate macrophages and rat Kupffer 
cells in vitro and to rat liver in vivo, although the murine- and 
rat-cell-associated forms have a higher molecular weight 
(29 kd) than the human species (24 kd). The present report 
cannot address whether this cell-associated TNF-a/cachectin 
is in fact a precursor for the secreted protein, although the 
time course of synthesis in response to lipopolysaccharide in 
vitro (Figs 4 and 6) is consistent with that conclusion. Never- 
theless, both cell-associated and secreted TNF-a/cachectin 
were cytotoxic against transformed murine fibroblasts, and 
this cytotoxicity could be neutralized by a polyclonal antise- 
rum raised against murine 17-kd TNF-a/cachectin. 

The presence of two distinct bioactive forms of TNF-a/ca- 
chectin suggests additional biologic activity. The appearance 
of a bioactive cell-associated form of TNF-a/cachectin implies 
that the protein may have important paracrine functions. In 
the liver, for example, local synthesis of TNF-a/cachectin 
may be responsible for the induction of a hepatic acute-phase 
response, including decreased albumin synthesis as well as 
upregulation of specific acute-phase protein reactants.” In an 
earlier report with burned and infected rats, we observed 
decreased hepatic albumin mRNA levels simultaneously with 
an upregulation of hepatic TNF-a/cachectin mRNA, suggest- 
ing that in the liver, the two phenomena are temporally 
related.” 

Polymorphism appears to be a common finding among cyto- 
kines. Interleukin la and 18 both exist in high- (31 to 33 kd) 
and low- (15 to 18 kd) molecular-weight forms.” In addition, 
we have recently observed both high- and low-molecular- 
weight forms of interleukin 6 (interferon beta-2) in the serum 
of volunteers following an endotoxin challenge,” For interleu- 
kin 1, at least, membrane-bound, high-molecular-weight in- 
terleukin la is thought to play a role in antigen presentation 
and lymphocyte activation.” 

Under some clinical conditions, TNF-a/cachectin biosyn- 
thesis in local tissue can likely exist in the absence of measur- 
able systemic levels. During nonlethal or localized infections, 
the tissue production of TNF-o/cachectin or other cytokines 
may represent the principal, if not exclusive, function of this 
protein. We have reported upregulation of splenic TNF-a/ca- 
chectin gene transcription in mice bearing a methylcholan- 
threne-induced sarcoma in the absence of circulating TNF-a/ 
cachectin.” During localized infection, tissue production of 
TNF-a/cachectin may function primarily as a local paracrine 
mediator. The appearance of TNF-a/cachectin in the circula- 
tion during life-threatening conditions, such as overwhelming 
sepsis or endotoxemia, may result from widespread immune- 
cell activation and excessive production. 
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Under some circumstances, localized tissue production 
may represent a beneficial host response aimed at eliciting 
antibacterial and tissue repair responses. Passive immuniza- 
tion of Listeria-infected mice with antibody directed against 
TNF-a/cachectin resulted in increased colonization of the 
liver and higher mortality.” In these infected mice, the bene- 
ficial effects of localized TNF-a/cachectin appeared to involve 
the activation of tissue macrophage antibacterial functions. 
Future studies will be necessary to evaluate whether the 
upregulation of TNF-a/cachectin biosynthesis in the livers of 
burned and infected rats represents a beneficial effort to 
activate local tissue responses that may alter the natural 
progression of invasive infection. 
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Discussion 


ORI ROTSTEIN, MD, Toronto, Canada: The rationale underlying 
these studies is that despite the fact that intravenously administered 
TNF-a in its pure form is able to mimic the septic state, there is a 
relatively poor correlation between TNF-a levels measured in the 
blood and the septic response in man. 

This could indicate that TNF-a is not the factor responsible for the 
septic response in man. A more likely explanation is that local tissue 
levels are more important than systemically measured levels. 

Indeed, in a rat burn model, these authors have demonstrated an 
increase in mRNA TNF-a levels in the liver in burned and infected 
rats, while only 18% of the animals had levels of TNF-a in the blood. 

The purpose of the present studies was to confirm that TNF-a 
synthesis actually occurred in the liver. 

Using standardized techniques, these authors demonstrated that 
in burned and infected rat livers there was synthesis of two proteins, 
of 29 and 17 kd, that were reactive with anti-TNF-a antibody. Then, 
using in vitro stimulation of peritoneal macrophages with lipopolysac- 
charide, they showed that a similar 29-kd protein was cell-associated, 
while a 17-kd protein was secreted into the medium, and the appear- 
ance of the 29-kd protein preceded the 17-kd protein. 

In addition, they demonstrated that both these moieties were 
biologically active, although the 17-kd protein was 20 to 50 times more 
common. They speculate, finally, that the cell-associated protein may 
represent a local form of TNF-a production and, as such, may be a 
potent local mediator of the response and effect of TNF-a. 

In comparing the bioactivity of the two forms of TNF-a measured, 
did you standardize the activity for the amount of protein in each 
sample? 

You showed that the 29-kd protein demonstrated bioactivity in 
lysed cells. Do you have any evidence that, in the intact cell, this 
protein is expressed on the surface of the cell? If so, is it active in this 
form? 

Kriegler and colleagues“ have demonstrated that a 26-kd protein is 
produced in response to lipopolysaccharide in human neutrophils that 
is identified with an anti-TNF-a antibody. They have shown that the 
piece of the 26-kd protein that is added to the well-characterized 
17-kd protein permits the 26-kd protein to span the plasma membrane 
and exert its effect extracellularly. Do you have any information 
concerning the added segment of the 29-kd protein? Could it be a 
transmembrane protein or a signal protein for synthesis? 

Finally, you demonstrate that in normal rat livers TNF-a is ex- 
pressed in the liver cells. It is not clear whether this occurs in the 


Kupffer cells themselves or in hepatocytes. Is this due to an artifact of 
your system? You did handle these animals before killing them, and it 
may be a response to stress. Alternatively, is this something that is 
produced under normal circumstances in animals? [fthis is a constitu- 
tively expressed protein, can you speculate on its role in man and in 
rats? 

D. L. DUNN, MD, Minneapolis, Minn: Some very good early work 
on TNF-a indicates that it can occur systemically as both dimers and 
trimers. Despite the fact that this is not exactly a 34-kd protein, is 
there any indication that it may be a dimer? 

STANLEY LEVENSON, MD, New York, NY: What strain of 
P aeruginosa did you use? How sick were the animals? Did all the 
animals live to 7 days except those that you purposely killed earlier? If 
any animals were kept beyond 7 days, how many lived and how many 
died? 

MR KEOGH: Dr Rotstein, we assessed TNF-a bioactivity using the 
L-929 cytotoxicity assay for both the cell-associated and secreted 
forms of TNF-a. Values presented were standardized for 1 million 
cells. Based on standard dilutions to bring the concentrations of 
secreted and cell-associated protein within the linear range of the 
bioassay, we calculated that lipopolysaccharide-stimulated peritone- 
al macrophages produce 50 to 100 times more secreted than cell- 
associated protein. 

At present, we do not know the cellular nature of the 29-kd protein 
or its relationship to Kriegler and colleagues’ 26-kd transmembrane 
protein. Studies are currently under way to assess the cellular loca- 
tion and functional properties of this novel protein. 

The role of TNF-a in normal liver physiology is an exciting area of 
active research. At present, although TNF-a mRNA is constitutive- 
ly produced in normal animals, we have not convinced ourselves that 
the protein is routinely expressed in healthy animals. Further studies 
with more sensitive methods may provide the answer. 

Dr Dunn, it is very unlikely that the high—-molecular-weight form of 
TNF-a is a dimer. Polyacrylamide gel electrophoresis is run under 
strong denaturing conditions and would dissociate any disulfide 
bonds or noncovalent linkages between molecules. 

Dr Levenson, we used Pseudomonas strain 59-1244, the same one 
used in our earlier report.” The burned and infected animals usually 
die between 7 and 9 days after infection. The animals have lost a 
significant portion of body weight and are severely cachectic by this 
time. 


in Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 


Age, Resource Consumption, and Outcome for Medical Patients at an Academic Medical 


Center 


Eric Mufioz, MD, MBA; Fred Rosner, MD; Don Chalfin, MD; Jonathan Goldstein, MPA; 


Irving Margolis, MD; Leslie Wise, MD 


At the national level debate is growing about the effects of the diagnosis related group (DRG) hospital 
payment system on patient access and quality of care. Recent changes to the DRG system have dropped any 
stratification by age and have delayed any other major change to improve payment equity. We characterized 
hospital resource consumption and outcome by age for all medical admissions (N = 31838) to a large academic 


medical center (January 1, 1985, through December 31, 1987) using the DRG format. Mean hospital cost per 
patient, hospital length of stay, percentage of outliers, and mortality increased with age. The mean DRG 
case-mix index and the number of diagnostic codes per patient also rose with age. The DRG payment for all 
patients would have produced an aggregate profit of $34 426 951 ($1081 profit per patient); however, patients 
aged 71 years or older generated losses (the highest with patients aged 85 years or older—a $2177 loss per 
patient). As the financial position of American hospitals continues to deteriorate, these data suggest that 
the current DRG payment scheme may be inequitable for the medical patient aged 71 years or older, thus 
providing financial disincentives to treat the elderly medical patient and perhaps limiting their access and 
quality of care in the future (Arch Intern Med. 1989;149:1946-1950). 
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Dietary Nucleotides Reverse Malnutrition and 


Starvation-Induced Immunosuppression 


Roland P. Pizzini, BS; Saroj Kumar, MS; Anil D. Kulkarni, PhD; Fredrick B. Rudolph, PhD; Charles T. Van Buren, MD 


® The requirement of dietary nucleotide sources for maximal 
helper T-cell function has been demonstrated. The effect of di- 
etary nucleotide restriction was tested during two forms of nutri- 
tional stress: starvation and protein malnutrition. In the starva- 
tion model, mice were fed chow diet, nucleotide free or 
nucleotide free supplemented with 0.25% yeast RNA, for at least 4 
weeks. The animals were then starved for 5 days, at which time 
they were killed and mitogen assays were performed using 
spleen cells. Animals previously maintained on the nucleotide- 
free diet supplemented with RNA showed a significant increase 
in spontaneous concanavalin A and phytohemagglutinin-stimu- 
lated blastogenesis. Protein malnutrition was induced by feeding 
Balb/c mice a protein-free diet for 7 to 10 days. These mice then 
received either the protein-free diet, the nucleotide-free diet, or 
the nucleotide-free diet supplemented with 0.25% yeast RNA. 
Popliteal lymph node assays were then performed. The chow 
diet, nucleotide-free diet, and nucleotide-free diet supplemented 
with 0.25% yeast RNA led to a restoration of body weight, but only 
the chow and supplemented diets restored significant popliteal 
lymph node immune reactivity. These studies using starvation 
and protein-malnutrition models clearly indicate the nutritional 
role of nucleotides in the maintenance and restoration of the 
immune response. 

(Arch Surg. 1990;125:86-90) 


linical and experimental studies have demonstrated that 

starvation and protein malnutrition can profoundly sup- 
press the cellular immune system.” The immunologic and 
nutritional status of the host have been correlated to the 
incidence of postoperative complications and infections.** Im- 
pairment of the wound-healing process has also been attrib- 
uted to protein malnourishment and diminished food intake." 
Previous investigations from our laboratory have found, in a 
murine model, that dietary nucleotides are vital to the main- 
tenance of cellular immunity. A nucleotide-free (NF) diet has 
been shown to decrease or suppress a variety of T-cell—-me- 
diated immune responses, including delayed cutaneous hy- 
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persensitivity to chemical, bacterial, and xenoantigens,”™ car- 
diac allograft and tumor rejection,™ response to T-cell 
mitogens,’ graft-vs-host disease in mouse bone marrow radia- 
tion chimeras,” and the production of interleukin-2." Addi- 
tionally, an NF diet increases the susceptibility of Balb/c mice 
to systemic infection with Staphylococcus aureus and Candi- 
da albicans.“ These effects of this diet can be reversed to 
levels normally observed in standard chow-fed mice by the 
addition of 0.25% yeast RNA as a source of nucleotides.“ 

In this study, the effect of dietary nucleotide deprivation 
and supplementation on starvation-induced immunosuppres- 
sion was examined by feeding mice either standard rodent 
chow, NF basal diet, or basal diet supplemented with RNA 
for 4 weeks, followed by starvation for 5 days and testing of 
the immune status of each group by mitogen assay. Addition- 
ally, the effect of dietary nucleotide deprivation and supple- 
mentation on protein malnutrition-induced immunosuppres- 
sion was examined by popliteal lymph node (PLN) assay. 


MATERIALS AND METHODS 
Animals 


Weight-matched (20 to 28 g) 10- to 12-week-old Balb/c (H-2") female 
mice (National Cancer Institute, Fredrick, Md) were used for these 
studies. Age-matched C57BL/6 (H-2°) female mice were used as 
allogeneic spleen cell donors in the PLN experiments. Mouse body 
weights, measured in grams, were obtained using a 120 P balance 
(American Scientific Products, McGaw Park, Ill). 


Diets 


The following four diets were used in these experiments: (1) stan- 
dard rodent chow (F) (Purina Formulab 5008, Purina Mills, Rich- 
mond, Ind), which contained protein from meat, fish, and bonemeal 
sources; (2) protein-free (PF) diet (Purina 5765); (3) basal NF diet 
(Purina 5755), which contained 21% casein as its sole source of protein 
and is isonitrogenous and isoenergetic to F; and (4) NFR diet, which 
was composed of NF plus 0.25% yeast RNA (US Biochemicals, 
Cleveland, Ohio). The amount of RNA added to the NFR diet is 
equivalent to the level of purines and pyrimidines found in F as 
determined previously by high-performance liquid chromatography 
analysis.” The PF diet, which contained no protein, did contain 
adequate carbohydrates to make it isoenergetic to the NF diet. 


Starvation Modei 
Mice were fed either the F, NF, or NFR diets for 4 weeks. Food 
was then withheld from the mice for 7 days, and the mortality for each 
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group was recorded. Experiments were repeated at least twice, and 
the results reported are from a minimum of 10 animals per diet group. 


Mitogen Assay 


Mice received either the F, NF, or NFR diets for 4 weeks. Food 
was then withheld from the mice for 5 days, which resulted in a 20% to 
25% loss in body weight. At this time, the animals were killed, their 
spleens removed, and spleen cell suspensions prepared using com- 
plete media (RPMI 1640 plus 10% fetal calf serum, 2 mmol/L gluta- 
mine, 20 mmol/L HEPES buffer, 100 U/mL penicillin, 100 U/mL 
streptomycin, 50 mg/L gentamicin) (Gibco, Grand Island, NY). The 
5x 10° spleen cells per well were cultured in triplicate in a 96-well 
microtiter plate with media alone, 5 mg/L concanavalin A (ConA) 
(Sigma, St Louis, Mo), 10 mg/L phytohemagglutinin (PHA) (Difco, 
Detroit, Mich), or 40 mg/L lipopolysaccharide (Calbiochem, San Die- 
go, Calif). 

Cells were incubated at 37°C in a humidified 5% CO, incubator for 
48 hours, at which time they were pulsed with 37 x 10° Bq/well of 
tritiated thymidine (specific activity, 248 x 10° Bq/mmol (ICN, Costa 
Mesa, Calif) and incubated an additional 18 hours. Cells were then 
harvested onto glass fiber filters and the incorporation of tritiated 
thymidine was measured using liquid scintillation techniques. These 
experiments were repeated a minimum of three times. Spontaneous 
blastogenesis is reported in counts per minute, whereas the mitogen 
response of the diet groups is reported as the difference between the 
mitogen-stimulated counts per minute and the spontaneous counts 
per minute (A counts per minute). 


Protein Malnutrition Model and PLN Assay 


The mice were fed the PF diet for 7 to 10 days, resulting in a 20% to 
25% loss in body weight. The mice were then randomly placed in the 
following dietary groups: PF, NF, NFR, or F. Using a modification of 
Twist and Barnes” PLN assay, all animals at the time of dietary 
conversion were inoculated in one hind footpad with 10° irradiated 
allogeneic (C57BI/6) splenic lymphocytes and 10’ irradiated syngene- 
ic (Balb/c) splenic lymphocytes in the contralateral footpad as the 
control. On the seventh day after the challenge, the animals were 
weighed and killed and the PLNs were excised and weighed on a 
Mettler HL52 analytical balance (Mettler, Highstown, NJ). The 
draining PLN immunoproliferative response to alloantigenic chal- 
lenge was calculated as the ratio of the allogeneic- and syngeneic- 
challenged PLN weights and reported as the stimulation index. 
Results indicate that data were obtained from three separate experi- 
ments for a final total of 15 mice per diet group. 


Statistical Analysis 


Statistical analysis of all results was performed using the non- 
paired, two-tailed Student’s t test, with the response of each diet 
group compared with that of the basal diet NF, and analysis of 
variation was performed on an Apple Macintosh Plus computer run- 
ning the program Statview 512+ (Brain Power Inc, Calabasas, 
Calif). Results of the Student’s t test are reported herein, although all 
reported results were confirmed to be significant (P<.05) by both 
evaluations. 


‘RESULTS 


In starvation experiments, mortality was evident in all diet 
groups by poststarvation day 4 (Fig 1). Mice in all diet groups 
showed a decline in survival after day 4. Although this was not 
statistically significant, all animals in the F diet group died by 
day 6, whereas a small number of animals in the NF and NFR 
diet groups continued to survive up to day 7. The increased 
mortality of mice in all diet groups beyond the fifth day of 
starvation made it impossible to use the 7-day in vivo PLN 
assay as a means of evaluating the immunologic status of 
these animals. Therefore this protocol was repeated, and on 
poststarvation day 5 in vitro mitogen assays of T- and B-cell 
function were performed on these animals. Evidence of 
weight loss was seen in these experiments by poststarvation 
day 1 in all groups. (Fig 2) 

By poststarvation day 5, mice in all diet groups showed 
appreciable weight loss with no obvious difference in weight 
loss observed between groups. In the mitogen assays per- 
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Fig 1.— Effect of prior diet on starvation-induced mortality. The Balb/c 
mice were fed chow (F), nucleotide-free (NF), or NF supplemented 
with 0.25% yeast RNA (NFR) diets for 4 weeks. They were then 
starved for 7 days and their mortality was recorded (n= 10 mice per 
group). 
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Fig 2.— Effect of starvation on body weight. For the starvation/mitogen 
response experiments the Balb/c mice were fed chow (F), nucleotide- 
free (NF), or NF supplemented with 0.25% yeast RNA (NFR) diets for 4 
weeks; they were then starved for 5 days and weighed (n = 10 mice per 
group). 


formed on these groups, the mean (+ SD) spontaneous blasto- 
genesis of the NFR media control (2869 + 464 cpm) was signif- 
icantly higher (P<.001) compared with the NF group 
(585 + 54 cpm) (Fig 3), whereas that of the F group (423+ 
39 cpm) was significantly lower (P<.05) compared with the 
NF group. Splenocytes from the NFR group also demon- 
strated a significant blastogenic response to ConA 
(32 440 + 2718 cpm; P<.001) and PHA (64 473+ 12 917 cpm; 
P<.02) compared with the NF group (ConA, 12 436 + 1331 
cpm; PHA, 25 666 + 3471 cpm) (Fig 4), although no significant 
difference in the response of NFR to lipopolysaccharide 
(11 278 + 1936 cpm) compared with NF (7047 + 1697 epm) was 
observed. Although the F diet group showed no significant 
difference in response to lipopolysaccharide (5624 + 635 cpm) 
or PHA (17 037+ 1519 cpm), significant suppression of the 
ConA response (6846 + 1703 cpm) (P<.02) was observed com- 
pared with the animals receiving the NF diet (Fig 4). 

All mice that received the PF diet in the protein malnutri- 
tion study showed a 20% to 25% loss in body weight by the 
time of the PLN injection on day 7 (Fig 5). Animals fed the F, 
NF, and NFR diets regained normal body weight by day 14 of 
the experiment, whereas mice continuously fed the PF diet 
continued to gradually lose weight. Despite restoration to 
normal weight, the PLN response of the NF group (2.2 +0.1) 
was not significantly different in comparison with that of the 
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Fig 3. — Effect of prior diet and starvation on spontaneous blastogene- 
Sis. Following a 5-day starvation, mice from the chow (F), nucleotide- 
free (NF), and NF supplemented with 0.25% yeast RNA (NFR) diet 
groups were killed and their splenocyte spontaneous blastogenesis 
was assayed in a culture by tritiated thymidine uptake. Asterisk indi- 
cates P<0.05; and dagger, P<.01 compared with the NF diet. 
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Fig 4. —Effect of prior diet and starvation on mitogen response. Follow- 
ing a 5-day starvation, mice from the chow (F), nucleotide-free (NF), 
and NF supplemented with 0.25% yeast RNA (NFR) diet groups were 
killed and their splenocyte mitogen response was assayed in a culture 
by tritiated thymidine uptake. Asterisk indicates P<.05; dagger, 
P<,02; and double dagger, P<.001 compared with the NF diet. 


PF diet group (1.8+0.1) (Fig 6). The NFR (3.3+0.5) and F 
(3.0+0.3) diet groups did, however, show a significant in- 
crease (P<.05 and P<.02, respectively) in PLN response 
compared with the animals receiving the NF diet. 


COMMENT 


Inadequate food intake during extended postoperative re- 
covery or as the result of serious infection or trauma is of great 
concern since acute or chronic malnutrition has been associ- 
ated with increased morbidity and mortality." Impairment 
of the wound healing process and suppression of the immune 
system are two serious complications attributed to protein 
malnourishment."”**’ In this study, the effect of dietary nu- 
cleotide deprivation was examined on two forms of nutritional 
stress, protein malnutrition and starvation. 

Our results demonstrated that although adequate protein 
supplementation (NF) alone recovered body mass in protein- 
malnourished mice, immune function, as tested by the PLN 
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Fig 5.—Effect of protein-free (PF) diet and diet reversal on body 
weight. The Balb/c mice were fed the PF diet for 7 days anda popliteal 
lymph node (PLN) assay was performed. Mice continued to be fed the 
PF diet or the chow (F), nucleotide-free (NF), or NF supplemented with 
0.25% yeast RNA (NFR) diet (diet reversal) for 7 more days; PLNs 
were then harvested (n = 15 mice per group). 
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Fig 6.—Effect of diet on popliteal lymph node (PLN) response. The 
PLN assay was performed on Balb/c mice fed the protein-free (PF) diet 
for 7 days. The mice continued to be fed the PF diet or the chow (F), 
nucleotide-free (NF), or NF supplemented with 0.25% yeast RNA 
(NFR) diet for 7 more days; PLNs were then harvested (n = 15 mice per 
group). Asterisk indicates P<.02; and dagger, P<.05 compared with 
the nucleotide-free (NF) diet. 


assay, did not improve when compared with mice receiving a 
protein-deficient (PF) diet. The addition of 0.25% yeast RNA 
to the NF diet caused significant recovery of the in vivo 
immune response and was comparable with the response 
observed in the F diet group. The PLNs, because of their 
unique location in the body and the fact that they not only 
respond to local antigenic stimulation but also respond sys- 
temically via lymphatics, are good indicators of host vs graft 
response and, thus, the in vivo immunological status of the 
host. 

Data from starvation experiments show that the dietary 
regimen prior to starvation greatly influences the poststarva- 
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tion immune function. Continued starvation resulted in 
death, with no difference among dietary groups. After 5 days 
of starvation, the F group showed significant suppression of 
both spontaneous and ConA-induced blastogenesis compared 
with the NF group; despite having an amount of nucleotides 
equivalent to the F diet, the NFR diet group demonstrated 
significantly higher values of these two parameters compared 
with the NF group. We” previously reported that RNA- 
supplemented diets enhance macrophages’ phagocytic capaci- 
ty beyond that observed in either NF-fed or F-fed animals. It 
is unclear whether this difference and the observed improved 
blastogeneic response to mitogens is due to the more complex 
dietary composition of chow with its increased use of animal 
fats. 

Cholesterol and dietary lipids are incorporated into cell 
membranes and may alter the response to in vitro challenge 
with lectins.” While the mechanism underlying this differ- 
ence remains to be elucidated, the phenomenon of RNA- 
supplemented hosts being protected from the suppressive 
effects of starvation is both reproducible and statistically 
valid. Thus, when the surviving animals were killed on post- 
starvation day 5 and tested for their in vitro lymphocyte 
responses to mitogens, it was clearly seen that the previous 
dietary status in regard to nucleotide content had an impor- 
tant role in the maintenance of the immune response. Mice 
given a diet supplemented with nucleotides prior to starva- 
tion showed significantly higher responses to T-cell mitogens 
ConA and PHA compared with mice that received protein 
alone. 

The immunological and nutritional status of the host has 
been closely associated with postoperative complications.” In 
experimental models, protein malnutrition and starvation 
have also been implicated as predisposing factors to bacterial 
translocation of intestinal flora following endotoxemia, a com- 
mon occurrence after thermal or mechanical trauma associ- 
ated with multiple organ failure.’ Although the mechanism 
of T-cell function on this translocation phenomenon is uncer- 
tain, it is apparent that immunostimulation of gut T cells with 
exogenous interleukin-2 decreases the incidence of bacterial 


translocation from the intestine to the mesenteric lymph 
nodes.” One primary site of dietary purine and pyrimidine 
metabolism is the intestinal mucosa,” and the requirement of 
exogenous purines and pyrimidines for maximal lectin-driven 
lymphocyte proliferative response has been demonstrated.” 
Thus, the prestarvation dietary nucleotide intake has a great- 
er influence on the immunologic response than absolute losses 
of protein and fat from body stores. Short-term starvation is 
known to lead to rapid changes in the morphologic nature of 
the intestinal mucosa and has a profound effect on the epitheli- 
al cells and the pleuripotent mucosal crypt cells.“ The exact 
mechanism by which the orally ingested nucleotides affect 
and influence the intestinal mucosa and the mucosal crypt 
stem cells during starvation-induced stress and its ultimate 
effect on the systemic immune response remains unknown. 

Our laboratory demonstrated that although splenocyte re- 
sponses to the T-cell mitogens ConA and PHA are suppressed 
by dietary nucleotide deprivation, the response to the B-cell 
mitogen lipopolysaccharide, which does not require T-cell 
help, remains unaffected.”" Our previous studies also demon- 
strated the effect of dietary nucleotides on the induction and 
expression of cell surface markers and their association with 
in vivo immune competence.” Immunohistochemical analysis 
of alloreactive PLNs in these studies showed increased stain- 
ing with monoclonal antibodies to interleukin-2 receptor, Lyt- 
1, and Mac-1 in RNA- and uracil-supplemented diets com- 
pared with NF or adenine-supplemented diets. These 
alloreactive PLNs showed low staining with anti-immuno- 
globulin (B-cell-related antigen) and had ill-defined follicular 
areas and germinal centers, again indicating that the effect of 
dietary nucleotides is on T cells and is not B-cell related. 

These studies on protein malnutrition and starvation- 
induced immunosuppression clearly demonstrate that di- 
etary nucleotides in addition to energy or protein alone are 
required to restore and sustain the cellular immune system in 
times of nutritional stress. It is evident from these and previ- 
ous results that dietary nucleotides are vital to the recovery 
and maintenance of the immune system. 
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Discussion 


PALMER Q. BESSEY, MD, St Louis, Mo: I’d certainly like to 
commend Mr Pizzini on his nice presentation and study. When any of 
us eats food that contains cells, be it pastrami or shrimp or even 
celery, we consume nitrogen, both as amino acids and protein and also 
a small amount as nucleotides. Although some Japanese data might 
suggest that in some cases nitrogen economy can be improved with 
the presence of nucleotides in intravenous feedings, our common 
practice is that when patients need nutritional support we provide 
nitrogen entirely as amino acids and protein. 

However, for the last 5 years or more Dr Van Buren and his 
associates have been presenting evidence to us that indeed our prac- 
tice may not be correct. And, as Mr Pizzini showed, there are many 
instances suggesting that immunologic function may well be affected 
by the absence of these substances. 

Mr Pizzini, the data you presented about the animals fed the PF 
diet and then refed certainly go along with this theme of the impor- 
tance of nucleotides in maintaining immunologic function. Do you 
think you would see the same response if you injected the syngenetic 
and allogeneic cells at a different time after refeeding? I believe you 
did it exactly at the time of refeeding. But, if the animals regained a 
little weight, would you see the same effect? 

Also, does the yeast RNA really contribute anything proportional- 
ly to the total nitrogen intake? Do you have any idea about the 
mechanism? Is this a direct effect of the purines 2nd pyrimidines in 
terms of the actual enzymatic induction or T-cell development or is 
there perhaps some other indirect effect? All of your work seems to 
have been done with oral or enteral feedings. Presumably, this effect 
might be the result of some complex interaction with the gut. 

Pm a little confused about the starvation data. All the animals in 
your survival curves that were fed the F diet died faster than the 
animals fed either the NF or the NFR diets. Why did they die? 

Furthermore, could these apparently different rates of dying affect 
the findings you saw with the blastogenesis and mitogen response 
studies? Could those cells from the animals fed F really have been in 
animals that were more moribund than the other animals? If you 
examined the cells at day 3 or 4 rather than day 5, would you see the 
same responses? Overall, this is a provocative report. Perhaps we 
should reexamine our techniques of feeding patients. 

ROBERT G. SAWYER, MD, Charlottesville, Va: I wonder if the 
authors have any plans to extend their studies into other forms of 
nutritional stress, such as chronic infection or sepsis. 


STANLEY LEVENSON, MD, New York, NY: I think the data are 
very striking and I want to compliment the group. When the animals 
began the PF diet, were any measurements of food intake made? I ask 
this to raise the possibility that the animals may have been energy- 
protein deficient, not just protein deficient. 

DR PIZZINI: In response to Dr Bessey’s first question about the 
refeeding time, we did not look at that in this study. In our other 
studies, when animals were fed the NF diet or the NF plus RNA diet, 
we noticed that for a continuous feeding to show this particular effect 
we usually had to feed these animals for a 4-week period. So, yes, it 
would seem that a certain duration is necessary. 

As far as yeast RNA adding to the total nitrogen content, it does 
add to the nitrogen of the NFR diet but only a very small amount. We 
are conducting other experiments in which we have added other 
sources of nitrogen to our diets and compared these results with 
previous results. This research is in its preliminary stages right now. 

As far as the mechanism involved, all the studies shown here 
demonstrate the immunological effects of dietary nucleotides, that is, 
nucleotides administered orally. We have done some preliminary in 
vitro studies in which we added nucleotides directly to the cultures. 
We have seen a similar enhancement, especially with the HT-2 cell 
line, in response to interleukin-2. 

As far as the starvation data and the reason the animals receiving 
the F diet died faster, it is purely speculative now and will require 
further study. The F diet has mixed sources of proteins. It is possible 
that these mixed sources of proteins and their accompanying fatty 
acids may increase the susceptibility as well as decrease the sponta- 
neous blastogenesis and ConA response of the F diet group in the 
study. 

We do plan to extend this particular model into infection and sepsis. 
We are interested in looking at bacterial translocation in the gut. 
Though a portion of purine and pyrimidine metabolism takes place in 
the liver, the majority of the dietary nucleotide processing occurs in 
the gut and this would be very interesting to look at. 

Dr Levenson asked about the animals receiving the PF diet and if 
there was any decrease or increase in energy intake. The mice that 
received the PF diet showed no significant decrease or increase in 
their eating capacity. Most of these mice ate about 5 g of food per day, 
the same as mice fed other diets. It was also mentioned that the PF 
diet did contain sucrose to keep it isoenergetic to the NF diet. 
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Physician Attitudes Toward Cost Containment: The Missing Piece of the Puzzle 
Harry L. Greene, MD; Robert J. Goldberg, PhD; Helen Beattie, MPH; Arthur R. Russo, MD; 
R. Curtis Ellison, MD, MS; James E. Dalen, MD, MPH 


A survey of 720 physicians practicing in central and western Massachusetts was undertaken to examine 
their attitudes toward cost-containment measures. The majority of physicians felt that major techniques 
(58%), major procedures (57%), inappropriate ordering of diagnostic tests (48%), and malpractice concerns 
(47%) were very important contributors to increasing health care costs. Physician age, practice affiliation, 
and specialty area were related to the perceived importance of these factors. In addition, while there was a 
uniform lack of prior training in cost-containment measures, 48% of all physicians felt that courses in cost- 
containment techniques would be worthwhile. These results suggest a variety of concerns and issues that 
need to be considered when attempting to modify the cost-containment attitudes and practices of physicians 


(Arch Intern Med. 1989;149:1966-1968). 
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Impaired Antibody Production 


in Blunt Trauma 


Possible Role for T Cell Dysfunction 


Donna I. McRitchie, MD; Murray J. Girotti, MD; Ori D. Rotstein, MD; Julita A. Teodorezyk-Injeyan, PhD 


è This study investigates mechanisms of impaired humoral 
immune response in a well-defined population of blunt trauma 
patients (n= 18, Injury Severity Score =20). Spontaneous and 
pokeweed mitogen-induced polyclonal immunoglobulin pro- 
duction were assessed in cultures of peripheral blood mononu- 
clear cells. The proliferative response to alloantigen and mitogen 
was assessed in parallel by the mixed lymphocyte reaction and 
pokeweed mitogen-induced blastogenesis, respectively. Poke- 
weed mitogen-induced IgG and IgM production was significantly 
reduced in trauma patients compared with controls. This effect 
was not reversed by depletion of adherent cells or by the addition 
of indomethacin. Exogenous interleukin 2 was also ineffective. 
However, the addition of normal T cells or supernatants from 
isoantigen-stimulated cultures of these cells to patient B cell-en- 
riched cultures significantly enhanced (by 1.4- to 5.1-fold) the 
antibody response to pokeweed mitogen. Thus, suppression of 
humoral antibody response in blunt trauma patients may be due 
to failure of T cell-mediated help, resulting in insufficient secre- 
tion or activity of cytokines required for adequate B cell activa- 
tion, proliferation, or differentiation into immunoglobulin-secret- 
ing cells. 

(Arch Surg. 1990;125:91-96) 


raumatic injury has long been recognized as a leading 

cause of morbidity and mortality, especially in younger 
age groups.’ These patients become immunocompromised, 
resulting in repeated episodes of sepsis. In fact, sepsis and 
ultimately multisystem organ failure are the major causes of 
late death from trauma.” 

Trauma may induce significant alterations in both the spe- 
cific and nonspecific arms of the immune response.** In the 
vast majority of models studied, these alterations are mani- 
fested by immune response suppression. Although the pre- 
cise mechanisms involved are still unclear, T cell-mediated 
responses have been implicated in the immunosuppression of 
both thermal injury and blunt trauma.’ Activation of T sup- 
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pressor cell populations,” reduced secretion of interleukin 2 
(IL-2),*° and impaired proliferative responses of T lympho- 
cytes” have all been demonstrated in these patients. Howev- 
er, the functional activity of B cells after injury remains 
poorly defined.” Since many B cell responses are T cell—regu- 
lated or critically dependent on T cell help, insufficient or 
inappropriate T cell function can lead to severely impaired B 
cell activity. 

The purpose of our study was to document humoral immune 
response alterations and investigate mechanisms of aberrant 
cellular immune function following trauma. Specifically, the 
functional interaction of B cells and T cells, as well as the 
contribution by macrophages to trauma-induced immunosup- 
pression, was investigated. Since previously studied patient 
populations tended to be extremely heterogeneous, consist- 
ing of thermal, blunt, and penetrating trauma as well as 
central nervous system-injured patients, we chose to exam- 
ine a well-defined group of blunt trauma patients and follow 
them sequentially during their hospital course. 


MATERIALS AND METHODS 
Patients 


Approval for this study was obtained from the Ethics Committee 
for Research on Human Subjects, Toronto (Canada) General Hospi- 
tal, University of Toronto. To ensure homogeneity of the study 
population, the following criteria for entrance were used: injury due 
to blunt trauma, an Injury Severity Score equal to or greater than 20, 
absence of significant central nervous system trauma, and involve- 
ment of at least one major body compartment, ie, chest, abdomen, or 
retroperitoneum. In addition, those patients who required blood 
products were not sampled within 5 days of their transfusion to avoid 
the potentially confounding effects of transfusion-related immuno- 
suppression. Resuscitation and treatment were carried out in the 
conventional manner, including operative intervention, invasive 
monitoring and diagnostic techniques, and use of antibiotics when 
indicated. All patients included were healthy and nutritionally re- 
plete prior to injury. Adequate nutrition was maintained throughout 
their hospital stay by prompt initiation of either enteral or parenteral 
feedings. 

Peripheral blood samples were obtained from 18 patients (mean 
age, 38.2 years; 13 men and 5 women) admitted to the trauma service 
of the Toronto General Hospital. The majority of patients were 
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studied within 3 days of their injury and weekly thereafter. Postin- 
jury sampling ranged from day 1 (day of trauma) to day 47 after 
trauma. Sixteen patients were sampled a total of 20 times within the 
first 14 days following trauma. The remaining tests, 2 to 8 weeks after 
injury, involved 9 patients altogether. Discharge from the hospital 
resulted in discharge from the study. 

Of the 18 patients studied, 13 patients accounted for a total of 15 
operations. Three patients underwent splenectomy, 2 had aortic 
repair procedures, 2 had a laparotomy for major liver lacerations, and 
1 had a laparotomy for a ruptured hemidiaphragm and small-bowel 
tear. The remainder consisted of orthopedic operations, primarily 
open reduction and external fixation of long-bone and pelvic frac- 
tures, and plastic surgical procedures. 

Peripheral blood samples were collected in heparinized vacuum 
tubes. Whenever possible, samples were obtained through a separate 
venipuncture site rather than through an arterial line. Once collected, 
the samples were processed within 4 hours. A total of 36 tests were 
performed. 


Controls 


Controls consisted of seven healthy volunteers (mean age, 32.1 
years; six men and one woman) whose samples were run simulta- 
neously with patient samples. 


Preparation of Peripheral Blood 
Mononuclear Cells (PBMCs) 


Peripheral blood mononuclear cells were fractionated by density 
gradient centrifugation on ficoll-hypaque (Pharmacia, Uppsala, Swe- 
den). Cells collected from the interface were thoroughly washed and 
then resuspended at a concentration of 1 x 10° cells per milliliter in 
complete tissue culture medium consisting of RPMI 1640 supple- 
mented with 10% fetal calf serum (Bocknek, Rexdale, Canada) and 
antibiotics (penicillin/streptomycin, GIBCO Laboratories, Grand Is- 
land, NY). 


Immunoglobulin (ig) Production 


Culture Conditions.—Peripheral blood mononuclear cells were 
cultured in round-bottomed 17 x 100 mm polystyrene tubes (Becton 
Dickinson) at a concentration of 5 x 10” cells per milliliter. Pokeweed 
mitogen (PWM) (GIBCO Laboratories) was added at a final concen- 
tration of 10 pg/mL. Unstimulated (for determination of spontaneous 
Ig secretion) and PWM-stimulated cultures were prepared in tripli- 
cate for each condition. Tubes were incubated at 37°C in a humidified 
atmosphere of 5% carbon dioxide and 95% air for 7 days. At the end of 
the incubation period, replicate culture supernatants were pooled for 
later determination of IgG and IgM content. All samples collected 
were stored at — 70°C until final determinations were made. 

Depletion of Adherent Cells.—Adherent cell depletion was ac- 
complished by first incubating the PBMCs in 100 x 20 mm plastic 
tissue culture dishes (Corning, Toronto, Canada) at 37°C for 60 
minutes. Following this, supernatants were removed and centri- 
fuged, and the nonadherent cells were resuspended at 1 x 10° cells per 
milliliter in fresh tissue culture medium. Cultures for Ig production 
were then established as described above. 

Effect of Indomethacin. —To determine the effect of inhibition of 
prostaglandin synthesis on Ig production, PWM-activated cultures 
were supplemented with indomethacin (10 g/mL) at initiation. 


Effect of Normal Human T Cells 


Normal and patient PBMCs used for preparation of B and T lym- 
phocyte-enriched populations were first depleted of adherent cells as 
described above. A T cell-enriched population was obtained through 
double rosetting with 2-aminoethylisothiouronium bromide-treated 
sheep erythrocytes.” Rosetting and nonrosetting cells were then 
separated by centrifugation over ficoll-hypaque followed by lysis of 
the sheep erythrocytes with an ammonium chloride-lysing buffer. 
Over 90% of the rosetting (T) cells demonstrated the presence of CD5 
(Leu 1, pan T) antigen when studied by flow cytometry. Interface 
(nonrosetting) cells contained 25% to 35% CD19 (Leu 12)-positive 
cells, less than 5% CD5-positive cells, “null” cells, and monocytes, and 
will be referred to as the “B cell population.” Thus, this population 
was B cell—enriched approximately threefold to fourfold compared 
with baseline peripheral blood levels. Mitogen-free and PWM-stimu- 
lated cultures were then established using a 1:1 ratio of patient B cells 
combined with normal T cells. 
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Fig 1.—Spontaneous (background) production of IgG and IgM in 
cultures of peripheral blood mononuclear cells from controls (n= 7) 
(black bars) and blunt trauma patients (n = 36) (hatched bars). Back- 
ground IgM production in trauma is significantly decreased compared 
with control (P<.001). 


Effect of Soluble T Cell Factors 


Exogenous IL-2.—The effect of exogenous IL-2 on Ig secretion 
was studied in IL-2-supplemented cultures containing 10% IL-2 
(chromatography-purified human IL-2, Electro-nucleonics, Silver 
Spring, Md) added to PWM-free and PWM-stimulated cells at 
initiation. 

Other T Cell Factors.—To determine whether other soluble T 
cell-derived factors could restore the Ig response, PWM-activated 
trauma PBMCs were cultivated in 48-hour supernatants from alloan- 
tigen-stimulated normal T cell cultures (mixed lymphocyte reaction 
supernatants). 

Assessment. — Polyclonal Ig synthesis was estimated using an en- 
zyme-linked immunosorbant assay as described previously." Briefly, 
microtiter plates (Immulon, Dynatech Laboratories, Alexandria, Va) 
were coated with goat antihuman IgG or IgM (Tago, Burlingame, 
Calif) using a carbonate buffer. Duplicate samples of standards (Or- 
ganon Technika, West Chester, Pa) or culture supernatants, diluted 
sequentially in phosphate-buffered saline—polysorbate (Tween) were 
plated and then incubated for 2 hours at 37°C. The samples were 
removed and the plates washed thoroughly with phosphate-buffered 
saline-polysorbate. Peroxidase-conjugated goat antihuman IgG or 
IgM (Organon Technika) was added to all wells and incubated for 1 
hour at 37°C. The plates were then exposed to a 0.4% solution of 
orthophenylenediamine (Sigma, St Louis, Mo) in the presence of 
hydrogen peroxide. Color development was stopped by adding 50 wL 
of 2N sulfuric acid to each well. Absorbance was measured at 492 nm 
using a spectrophotometer (Titertek Multiscan, Flow Laboratories, 
Mississauga, Canada). 


Proliferative Responses 


PWM.-Induced Proliferation. — Patient PBMCs at a concentra- 
tion of 5x 10° cells per milliliter were plated in microtiter plates 
(Linbro, Flow Laboratories, Mississauga, Canada), and PWM was 
added to a final concentration of 10 pg/mL. After incubation for 5 days 
at 37°C, DNA synthesis was estimated by incorporation of tritiated 
thymidine (1 Ci per well) (Amersham, Oakville, Canada) after a 
16-hour pulse. 

Mixed Lymphocyte Reaction.—To provide a standard set of al- 
loantigens in each assay, a heterozygous lymphoblastoid cell line, 
prepared from normal PBMCs transformed with Epstein-Barr vi- 
rus,” was used. 

Optimal culture conditions were established for each test using the 
varying combinations of 110° or 0.5x 10° PBMCs per milliliter 
stimulated by 0.5 x 10° or 0.25 x 10° mitomycin C-treated stimulator 
cells per milliliter. Quadruplicate cultures were incubated at 37°C for 
5 days. At the end of the incubation period, each well was pulsed for 16 
hours with 1 Ci tritiated thymidine. 

Assessment. — Cells were harvested and counted for tritiated thy- 
midine incorporation as described for PWM-induced proliferation. In 
each assessment, the best proliferation represents the mixed lym- 
phocyte response. 
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Fig 2.—Pokeweed mitogen-stimulated production of IgG and IgM in 
cultures of peripheral blood mononuclear cells from controls (n= 7) 
(black bars) and blunt trauma patients (n= 36) (hatched bars). Both 
IgG and IgM levels are significantly reduced compared with control 
levels (P<.001). 


Table 1.—Antibody Production: Frequency of Impairment 


No. of 
Patients/Total 
| 


Variable IgG IgM 
Patients below low normal level (tested once)* 2/6 5/6 


Patients persistently below low normal level 
(tested 2 times or more) 9/12 10/12 


Total No. of tests below low normal level 28/36 33/36 





*An IgG level less than 300 ng/mL and an IgM level less than 500 ng/mL 
were considered below the low normal levels. 


Statistics.—For statistical analysis, Student’s t test was used. 
Significance was defined as P<.05. 


RESULTS 
Spontaneous lg Production 


Spontaneous IgG and IgM secretion was assessed in super- 
natants from mitogen-free patient and control PBMC cul- 
tures. No difference in IgG production was observed between 
trauma and control (Fig 1). However, spontaneous IgM 
production in cultures from trauma patients was significantly 
lower (P<.001) than in normal donors (Fig 1). 


PWNM-Induced lg Production 


Pokeweed mitogen-induced Ig secretion was significantly 
reduced in the majority of patients studied (Fig 2). Sup- 
pressed antibody production was apparent in both classes of 
Igs studied, IgG and IgM. In patients studied frequently (two 
times or more), increases in antibody production up to the low 
normal range were occasionally observed. Nevertheless, the 
majority of these patients’ (9 of 12 for IgG and 10 of 12 for IgM) 
levels remained persistently below low normal levels 
(<300 ng/mL for IgG and <500 ng/mL for IgM) throughout 
the duration of the study. Of the total 36 assessments, 28 of 36 
and 33 of 36 were below low normal levels for IgG and IgM, 
respectively (Table 1). Fluctuations in antibody production 
did not appear to be correlated with septic episodes, extent of 
trauma, number of days after injury, or operative 
intervention. 


Effect of Adherent Cell Depletion or Indomethacin 


As PWM-triggered Ig production requires monocyte par- 
ticipation,” and since activation of macrophages has been 
implicated in trauma-related immunosuppression,” the po- 
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Table 2.—Pokeweed Mitogen—Induced Antibody Production: 
Effect of Adherent Cell Depletion* 


Patient 
No. 





intact — MO intact -M0 










1 

Test No. 1 
Test No. 2 
Test No. 3 










* —M@ indicates adherent cell depletion. P<.02 for IgG and P<.05 for IgM. 


Table 3.—Antibody Production Effect of Indomethacin* 


IgG, ng/mL 
e 
PWM and 
indomethacin PWM 


IgM, ng/mL 


PWM and 
indomethacin 


Patient 


*PWM indicates pokeweed mitogen. P was not significant for IgG and IgM. 


tential involvement of these cells in reduced Ig secretion was 
investigated. Table 2 illustrates the effect of adherent cell 
depletion on the magnitude of PWM-induced Ig production in 
cultures from trauma patients. Following the removal of 
adherent cells, both IgG and IgM secretion were further 
reduced compared with intact PBMC cultures (Table 2) 
(P<.02 for IgG and P<.05 for IgM). Similarly, supplementa- 
tion of intact PBMCs with indomethacin failed to improve the 
humoral IgG and IgM responses in patients studied (Table 3). 


Effect of Exogenous IL-2 


Polyclonal, PWM-induced antibody responses are regu- 
lated by, and dependent on, functional activity of CD4+ 
(helper) T cells.*”* To examine whether the observed alter- 
ations in the Ig secretion might result from the impaired 
function of this lymphocyte subset, PWM-activated PBMC 
cultures were supplemented at initiation with purified human 
IL-2. Exogenous IL-2 had no stimulatory effect on the magni- 
tude of Ig secretion compared with lymphokine-free cultures 
(Table 4). In contrast, secretion of IgG appeared to be further 
inhibited in its presence. 


Effect of Soluble T Cell Factors 


Since PWM-induced antibody production is dependent on 
several T cell-derived helper factors, aside from IL-2,” the 
ability of normal T cells or their soluble products to restore 
the Ig response was investigated. Indeed, T cells isolated 
from normal donors, as well as soluble factors derived from 
cultures of alloantigen-activated normal T cells, could en- 
hance the Ig response to PWM in trauma patients (Table 5). 
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Table 4.— Antibody Production: Interleukin 2 (IL-2) 
Supplementation* 


IgG, ng/mL IgM, ng/mL 


Patient Se 


No. PWM PWMandIL-2t PWM PWM and IL-2 


1 172 80 40 60 
2 


Test No. 1 27 0 
Test No. 2 ND ND 


3 
Test No. 1 715 570 


Test No. 2 132 65 

Test No. 3 195 0 

Test No. 4 178 46 0 55 
6 
TestNo.1 > 36 0 110 0 
9 134 2 70 


1 





*PWM indicates pokeweed mitogen; ND, not done. 
tP<.001 by paired t test vs PWM. 
+P was not significant. 


Immunoglobulin production increased by 1.4- to 5.1-fold over 
baseline levels. 


Cell Proliferation 


PWM-Stimulated Cultures.—To determine the prolifera- 
tive response to PWM, DNA synthesis was estimated by 
tritiated thymidine incorporation on the sixth day of culture. 
Background proliferation in trauma and control PBMC cul- 
tures were comparable (11 804 + 1465 vs 11 278 + 3063 counts 
per minute; P was not significant). A significantly reduced 
proliferative response to PWM in trauma cultures compared 
with control was observed (22 306+2640 vs 56 363 +5126 
counts per minute; P<.001). 

Mixed Lymphocyte Reaction.—To assess the prolifera- 
tive response to a standard allogenic stimulus, DNA synthe- 
sis was again estimated in PBMC cultures using tritiated 
thymidine incorporation. The proliferative response in mixed 
lymphocyte reaction was not affected in these patients 
(82 952+14226 vs 87587+18097 counts per minute in 
controls). 


COMMENT 


The polytraumatized patient is at risk not only from acute 
life-threatening injuries but also from the septic conse- 
quences associated with severe impairment of immune 
responses. 

Numerous studies have suggested that increased activity 
of T suppressor cells and/or suppressor monocytes underlie 
this phenomenon.*’” In addition, T cell helper functions, as 
assessed by IL-2 production**” and expression of functional 
IL-2 receptors,” are also reduced following trauma. 

One aspect of the immune response to trauma that remains 
poorly characterized is the change in functional activity of 
B lymphocytes. Although alterations in Ig secretion have 
been reported in thermally injured patients, ™” surgical pa- 
tients,” and posttrauma patients,””” the heterogeneous na- 
ture of the populations examined in many of these reports 
makes interpretation difficult. Blunt and penetrating trauma, 
as well as burn- and central nervous system-injured patients 
were frequently combined in these studies. The present study 
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Table 5.— Antibody Production* 


Patient -Fold -Fold 
No. Cells IgG,ng/mL Increase IgM,ng/mL_ Increase 


1 Intact 335 
TandB 792 2.4 


2 Intact 255 
TandB 1300 5.1 


3 Intact 195 
TandB 700 3.6 


Intact 169 
MLR 484 2.9 


Intact 
MLR 3.9 


Intact 
MLR 


Intact 
MLR 


Intact 
MLR 


*Immunoglobulin production in pokeweed mitogen—stimulated cultures of 
peripheral blood mononuclear cells (intact) were compared with cells cultivated 
in normal mixed lymphocyte reaction (MLR) supernatants or compared with 
cells composed of 50% normal T cells and 50% trauma B cells (T and B). 





focuses on a relatively homogeneous population of blunt trau- 
ma patients, thereby eliminating much of this interpatient 
variability. 

Pokeweed mitogen-induced Ig production in human lym- 
phocytes is highly reproducible and has been shown to be 
dependent on helper T cells or their soluble products*” as 
well as macrophage-derived regulatory factors.” Moreover, 
CD4+ cells can collaborate with B lymphocytes across allo- 
genic barriers.” As a result, PWM-triggered antibody secre- 
tion provides a convenient system to assess not only the 
capacity of B cells to differentiate into Ig-secreting cells but 
also, when combined with other assays, an opportunity to 
examine the function of both T cells and accessory cells. 

In the majority of patients examined in this study, the 
T cell-dependent secretion of Ig was profoundly and persis- 
tently suppressed (Table 1). This was apparent as early as 
4 hours after injury and was paralleled by a significant reduc- 
tion in the proliferative response to PWM. It has been sug- 
gested that failure to generate significant in vitro antibody 
responses may be due to in vivo B cell activation.” This in turn 
can lead to altered sensitivity to in vitro stimulation and hence 
impair secretion of Ig.*” However, such cells secrete rela- 
tively high concentrations of Igs spontaneously.*”” Since 
normal (IgG) or even reduced (IgM) background immuno- 
globulin production was seen, it seems unlikely that in vivo 
activation of B cells was responsible for the reduced Ig re- 
sponse observed in our study. 

Mononuclear phagocytes (macrophages) play a central role 
in the regulation of lymphocyte activity through the secretion 
of IL-1 and through the generation of products of arachidonic 
acid metabolism.” Prostaglandins, in particular prostaglan- 
din E,, have been shown to be elevated in traumatized pa- 
tients.” Prostaglandin E, is known to inhibit T cell-depen- 
dent humoral responses in vitro” and was recently 
suggested by Faist et al” to be the mediator in monocyte 
suppression of lymphocyte IL-2 production. Although the 
present study showed similar alterations in Ig secretion, 
removal of adherent cells or exposure to indomethacin did not 
effect the magnitude of the Ig response (Tables 2 and 3). In 
fact, depletion of macrophages caused further impairment, 
possibly associated with inadequate IL-1 activity.” 

The suppressive activity of prostaglandin E, in T lympho- 
cyte—mediated responses results primarily from its inhibition 
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of IL-2 production and its stimulation of suppressor T cells.” 
In addition to cyclooxygenase products, lipoxygenase prod- 
ucts can also mediate these responses. For example, leuko- 
triene B, is capable of Ig inhibition through stimulation of 
suppressor T cells.” Defects in signal transduction and cell 
activation may also occur.” To bypass this potential helper T 
cell deficit, exogenous IL-2 was used to supplement PWM- 
exposed cultures. However, no enhancement of Ig production 
could be demonstrated. The normal mixed lymphocyte re- 
sponses, combined with the reduction of IgG production with 
additional IL-2, strongly suggests that endogenous IL-2 ac- 
tivity was adequate. Indeed, our recent data suggest that 
endogenous IL-2 production is affected in only a small subpop- 
ulation of blunt trauma patients during acute septic episodes. 
Similarly, the number of cells expressing the IL-2 receptor 
also appears normal in the majority of blunt trauma patients 
(J.A.T.-I., D.I.M, S. Lalani, W. J. Peters, MD, PhD, and 
M.J.G., unpublished data, 1989). These results are in contrast 
to those of Faist et al? and Wood et al’ who found that IL-2 
production was impaired. This may be due to differences in 
the populations under study (ie, exclusion of central nervous 
system-injured patients in our study) or to differences in 
sampling times (ie, exclusion of transfusion-related samples 
in our study). 

In view of the above observations, it is somewhat surpris- 
ing that PWM-stimulated proliferation is impaired. This re- 
duced mitogenic response may represent an alteration in 
lymphocyte proliferation kinetics, or a change in the sensitiv- 
ity to this lectin. Alternatively, alterations within T lympho- 
cyte subsets may be occurring after trauma. CD4 + cells are 
functionally heterogeneous, having the capacity to mediate 


both classical helper and suppressor activities.” Moreover, 
preactivated CD4+ cells may demonstrate significant sup- 
pressor activity after PWM stimulation.” If traumatic injury 
provides the appropriate activating signal to a functionally 
distinct T lymphocyte subset, this subset, when subsequently 
stimulated by PWM, may become predominantly suppres- 
sive. This alteration could then directly or indirectly affect B 
lymphocyte maturation. 

The effective differentiation of B lymphocytes into Ig-se- 
creting cells requires at least three different lymphokines in 
addition to IL-2: IL-4, for activation of resting B cells,” IL-5 
for growth and expansion of the activated cells,“ and IL-6 for 
maturation of these cells.” The present study demonstrates 
that supplementation of B cell-enriched cultures from blunt 
trauma patients with normal T cells or their products signifi- 
cantly augmented Ig-secreting ability in B cells (Table 5). 
Although an intrinsic defect in B cell capacity to respond to 
appropriate helper factors cannot be excluded, our results 
suggest that the impairment of the humoral immune response 
in blunt trauma patients results from a failure of helper T cell 
activity, which may be associated with insufficient lympho- 
kine production or activity. This defect within the lymphokine 
cascade regulating Ig secretion probably occurs beyond the 
level of IL-2 production and action. Studies are currently 
under way to further delineate the mechanisms involved in 
this suppression of immune function. 
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Discussion 


ROGER W. YURT, MD, New York, NY: As the authors have 
indicated, it has become clear in recent years that there is an in- 
creased susceptibility to infection after major injury. Some studies 
have shown an excessive response to injury, such as the release of 
large quantities of mediators, while other systems seem to have a 
depressed response. 

The data presented today are from a well-designed study of the 
capacity of PBMCs from a defined population of trauma patients to 
produce IgG and IgM. The proliferative response of those cells in the 
mixed lymphocyte reaction and in PWM induced by the blastogenesis 
was also studied. The data clearly indicate that Ig production was 
reduced in the traumatized patients compared with controls and this 
decrease was not reversed by the inhibition of prostaglandin E, 
production or by the addition of IL-2. It was, however, reversed by 
the addition of normal T cells or supernatants from incubations of 
normal PBMCs. 

Now, although the results are clear, the mechanism of the suppres- 
sion and the clinical import remain to be clarified. In this regard, I 
have several questions. 

First, is it possible that the decreased Ig production is due to the 
presence of an inhibitory factor or factors in the incubation? It would 
be of interest to know if the supernatant from the cells of trauma 
patients inhibits Ig production in normal cells. ; 

Second, the recent literature, much of which is from members of 
this organization, documents a contamination of cells separated on 
ficoll-hypaque by neutrophils in the traumatized patients. Do you 
know for sure whether at some point neutrophils were present in your 
trauma patient incubations? 

Finally, were you able to correlate the decrease in in vitro produc- 
tion of Igs with a parallel decrease in circulating levels of IgG and 
IgM? 

NICHOLAS V. CHRISTOU, MD, Montreal, Canada: I have a problem 
with the way the patients are grouped. You studied these patients at 
any time after the injury but you did not standardize the time nor 
have you shown us any sequential data. 

My first question is, what happens to unstimulated production with 
time and to PWM-stimulated antibody production with time? 

My second comment relates to semantics. Antibody implies anti- 
gen specificity. You have Ig immunoglobulin production not anti- 


body-specific to a particular antigen. 

If you want to dissect a T cell defect rather than go to IL-6, IL-7, 
and maybe IL-12, perhaps it would be better to use so-called 
T-dependent and T-independent antigens and measure antibody pro- 
duction to specific antigens after immunization. I think you have the 
patients to do it, and I would suggest that you examine antibody 
production after trauma by using either tetanus toxoid or Haemophi- 
lus, or perhaps pneumococcal vaccine (Pneumovax). 

DR GIROTTI: With respect to the questions asked by Dr Yurt, I will 
start at the end and work backward. 

We have not correlated circulating Ig levels with the measured 
responses in our harvested lymphocytes. We have looked specifically 
for neutrophil contamination in our preparations. Although we are 
not able to demonstrate the existence of a large number of neutro- 
phils, we do feel there are a number present. 

We are more concerned in fact about our “B cell—enriched” popula- 
tions. This enriched B cell population contains a number of cells that 
Dr Deitch has termed null cells. We are quite concerned about these 
cells in the sense that although we would like to think these cells are 
not active, Dr Deitch’s recent report in the Journal of Trawma quite 
clearly demonstrates that these are metabolically active cells. We are 
not quite sure what these cells are doing. 

We did not look specifically for suppressive factors in the trauma 
cell supernatants. We still have many of those supernatants and we 
will be looking at those factors. 

To answer Dr Christou’s question, he has identified a major issue in 
the study, namely, the lack of a sequential nature to the data. I would 
point out to him that these patients were studied anywhere from 4 
hours to 51 days following their trauma and that the results are 
consistent throughout that period. Roughly 28 of 36 of the IgG studies 
(and 33 of 36 of the IgM studies) showed suppression. In fact, we have 
had many of the patients back now 3 to 4 months following their 
trauma and restudied them only to find that there is still some 
suppression after that time. Eventually, the lymphocyte does return 
to normal. An interesting group of patients we are now looking at are 
those patients who underwent splenectomy. 

I thank Dr Christou for his comments regarding future directions 
and agree that a directed antibody response to specific antigens, for 
example, tetanus toxoid and Haemophilus, must be explored. 


CORRECTION 


Incorrect Conversion Value.—In the article entitled “Plasma Polymerized Tetrafluoroethylene/ 
Polyethylene Terephthalate Vascular Prostheses,” published in the August 1989 ARCHIVES 
(1989;124:967-972), editorial errors occurred in converting angstroms to nanometers. In figure legend 
5 on page 971 the value should have been “30-nm-thick TFE discharge.” Also on page 971, right 
column, second full paragraph, line 4, should have read: “This coating measured 20 to 30 nm-thick.” 
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Original Articles 


Oxygen as an Antibiotic 


The Effect of Inspired Oxygen on Bacterial Clearance 


David R. Knighton, MD; Vance D. Fiegel; Tim Halverson; Susan Schneider; Tony Brown; Carol L. Wells, PhD 


èe Previous experimentation with the guinea pig skin injection 
model showed that altering the fraction of inspired oxygen had a 
significant effect on infectious necrosis. Using the same model, 
we performed quantitative bacterial cultures to determine the 
number of viable injected bacteria 24 and 48 hours after injection. 
Animals were randomized to receive 12%, 21%, and 45% inspired 
oxygen. A significant decrease in bacterial number was seen at 
45% inspired oxygen between 24 and 48 hours, and a significant 
decrease occurred at 48 hours between 12% and 45% inspired 
oxygen. These results demonstrated a prominent role for oxygen 
in bacterial clearance and host defense. 

(Arch Surg. 1990;125:97-100) 


R esistance to local bacterial infection is a dynamic inter- 
play between the number of invading organisms and 
local host defenses. Surgical wound infections represent a 
failure of the host to mount an adequate defense against the 
invading bacteria. The problem can be reduced to a simple 
equation: if the number or type of bacteria overwhelms the 
host’s ability to contain and destroy it, a clinically significant 
infection results. The solution seems equally simple: either 
decrease the number of infecting organisms or enhance the 
host’s ability to contain or destroy them. 

Previous investigation into the nature of wound infection 
centered on the type and number of infecting organisms 
required to produce a clinically significant wound infection; 
the surgical technique that predisposes wounds to infection; 
the timing of antibiotic administration to reduce infections 
effectively; and the critical period of host defense when first 
challenged by an infectious agent. ` 

Host defenses to bacterial challenge are either specific or 
nonspecific.” Specific defenses include antibody-directed de- 
struction of bacteria through recognition by type-specific 
immunoglobulins. These defenses require previous exposure 
of the host to the organism. Nonspecific host defenses include 
the mechanisms by which the host contains and destroys 
bacteria that either have not been previously encountered or 
have failed to evoke an antibody response. 

Killing of certain bacteria by neutrophils is an energy- and 
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oxygen-dependent process that requires glucose for energy 
production and atmospheric oxygen for production of bacteri- 
cidal oxygen free radical intermediates and hydrogen perox- 
ide.’ Part of the dynamic equilibrium between the number of 
invading bacteria and the host’s ability to contain and kill 
them is the delivery of adequate glucose and oxygen to the 
site of infection. Certain bacteria are pathogenic, partially 
because they create local circulatory alterations that decrease 
the efficiency of glucose and oxygen delivery,‘ thus creating 
an environment where the host’s main nonspecific defense, 
the polymorphonuclear leukocyte, is deprived of the materi- 
als necessary for optimum bacterial killing.”” 

We previously demonstrated that changes in the fraction of 
inspired oxygen (F10,) acted in a manner similar to the admin- 
istration of prophylactic antibiotics in changing the lesion size 
in the guinea pig skin injection model, originally described by 
Burke.’ Our previous study demonstrated that an F10, of 12% 
resulted in a lesion of 4.3 mm, having the animals breathe 
room air (F10,, 21%) resulted in a lesion of 2 mm, and increas- 
ing the F10, to 45% further decreased the lesion to 1.3 mm." In 
a separate study, the simultaneous administration of bacte- 
ria-specific antibiotics was synergistic in the same guinea pig 
skin injection model.’ Combining increased tissue oxygen 
delivery (F10,, 45%) with antibiotic administration resulted in 
efficient bacterial clearance, with almost no tissue death due 
to anoxia. When tissue oxygen delivery was decreased (F10,, 
12%), the addition of antibiotics decreased the number of 
viable bacteria, making host clearance at this lower PO, more 
efficient. The result was earlier control of the infection, witha 
decrease in the lesion size. At each F10,, the administration of 
antibiotics decreased lesion size. At 45% F10,, most injection 
sites showed no infectious necrosis. Delaying the antibiotic 
administration decreased the antibiotic effect and returned 
the lesion size to that obtained when no antibiotics were 
given. At 45% FI0,, delayed administration of antibiotics 
resulted in an increase in lesion size of 0.5 mm. 

The effect of oxygen on lesion size could be explained by 
increased bacterial clearance, due to enhanced phagocytosis 
and killing or to enhanced tissue viability due to an increase in 
local tissue Po,, with a similar rate of bacterial killing. To 
address this question, the effect of different inspired oxygen 
concentrations on bacterial clearance was studied by means of 
the guinea pig skin injection model, with quantitative ana- 
lyses of the bacterial population at the site of infection. 


Oxygen as Antibiotic—Knightonetal 97 


\\l 


Xl 


= 
a 
Sone 
© 
5 
= 
® 
O 
c 
O 
O 
& 
® 
D 
> 
x< 
O 
D 
2 
a 
” 
£ 


Average + SEM Area of Necrosis, mm’ 





Fig 1.— The effect of inspired oxygen on the area of infectious necrosis 
at days 1 (closed bars) and 2 (hatched bars). The area increased at 
12% and 21% and was not changed at 45%. Differences at 12% and 
21% were significant between days 1 and 2 (P=.02 and P<.0001, 
respectively). Differences at day 2 between 12% and between 21% 
and 45%, were also significant (12% vs 21%, P=.51; 12% vs 45%, 
P=.02; and 21% vs 45%, P<.002). 


MATERIALS AND METHODS 


Bacteria used for inoculation were Escherichia coli 0040, a clinical 
isolate from a human. Overnight brain-heart infusion broth (Difco 
Laboratories, Detroit, Mich) cultures were washed twice with nor- 
mal saline and suspended to a concentration of 10°/mL as determined 
by optical density at 550 nm; the number of viable bacteria was 
confirmed by plate counting. 

Female, 250- to 300-g, Duncan Hartley guinea pigs (Bio-Lab Corp, 
St Paul, Minn) were prepared for injection by removing the hair on 
the back and sides with an animal clipper and commercial depilatory. 
Each animal was then injected intradermally at four of five different 
sites with 10° E coli suspended in 0.1 mL of normal saline. Another 
injection site was randomly chosen for a control injection with normal 
saline. 


Oxygen Exposure 


The injected guinea pigs were exposed to different oxygen concen- 
trations for 24 or 48 hours. Each airtight, plastic cage housed four 
guinea pigs. One cage was flushed with an oxygen-nitrogen mixture 
to provide a constant, high-flow, 45% oxygen environment. A second 
cage was flushed with an oxygen-nitrogen mixture to provide a 
constant, high-flow, 12% oxygen environment. The open ventilation 
and high flow of gases assured normal carbon dioxide and water vapor 
levels in the cages. The third oxygen environment was room air (21% 
oxygen). This last group was also kept in airtight, plastic cages that 
were flushed with room air at the same rate as those of the other two 
groups. All guinea pigs received food and water ad libitum. 


Quantitation of Area of Necrosis and Bacterial Number 


Guinea pigs were removed from the various oxygen environments 
after 24 and 48 hours. Each guinea pig was killed by asphyxiation with 
carbon dioxide, and the skin of the back was removed. The injection 
sites were photographed with the use of a 105-mm macro lens (Kiron 
Corp, Carson, Calif) at a magnification of 1:3. Each photograph was 
then projected, with the use of a standard slide projector, onto a 
digitizer pad (ZIDAS, Zeiss Instruments Inc, New York, NY) at a 
known magnification, and the area of necrosis for each injection site 
was determined. 
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Inspired Oxygen Concentration 


45% 


(n =30) 


Average + SEM No. of Bacteria/Wound, x 10’ 


Fig 2.—Effect of inspired oxygen on number of bacteria per wound at 
days 1 (closed bars) and 2 (hatched bars). Decreases at 21% and 45% 
were found. A statistically significant decrease was found at 45% 
between days 1 and 2 (P<.05). Comparison at day 2 between 12% 
and 45% was also significant (P = .006). 


Individual injection sites were obtained by excising each area with 
a 10-mm dermal punch. All samples were processed aseptically. A 10- 
mm punch was used to assure removal of the entire area of necrosis 
and underlying abscess. 

Each excised injection site was minced with scissors, and a ground- 
glass stopper was used to homogenize each specimen in 9 mL of 
phosphate-buffered saline containing 0.1% gelatin.” From this solu- 
tion, serial dilutions were made and 20 aL of each dilution was plated 
onto eosin—methylene blue agar (Difco Laboratories, Detroit, Mich) 
for enumeration of aerobic gram-negative bacteria and colistin nali- 
dixic agar (Difeo Laboratories, Detroit, Mich) for enumeration of 
aerobic gram-positive bacteria. Agar media were incubated aerobi- 
cally at 35°C for 24 hours. Bacteria were enumerated as the total 
number of viable bacteria per injection site. The statistical analyses 
were performed by means of two-tailed Student’s t test. 


RESULTS 


The results presented are the combined data from four 
separate experiments. A total of 156 lesions were analyzed (60 
at 45% F10,, 48 at 21% F10,, and 48 at 12% F10,). 

The effect of the three inspired oxygen concentrations at 
days 1 and 2 on the degree of infectious necrosis is summa- 
rized in Fig 1. There was a statistically significant, progres- 
sive increase in necrosis from day 1 to day 2 at 12% (P=.02) 
and 21% (P<.0001), while there was an insignificant decrease 
at 45% (P=.60). The area of infectious necrosis was signifi- 
cantly smaller at day 2, when 45% was compared with 21% 
(P<.002) and 12% (P =.02). There was no difference between 
12% and 21% (P=.51). 

The effects of the inspired oxygen concentration on the 
actual number of viable bacteria are summarized in Fig 2. 
Quantitative bacterial counts showed a statistically signifi- 
cant decrease from day 1 to day 2 at 45% (P<.05), with no 
significant change at 12% (P=.75) and 21% (P=.28). When 
45% was compared with 12% at day 2, there was a high 
statistically significant decrease in the number of bacteria 
(P=.006). Differences between 12% and 21% (P=.32) and 
21% and 45% (P = .94) for day 2 were not significant. 
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COMMENT 


The role of oxygen in bacterial host defense is well docu- 
mented. Neutrophil phagocytosis of bacteria triggers a series 
of metabolic changes that can result in a greater than 20-fold 
increase in oxygen consumption.” When the Po, in normal and 
infected tissues is measured with an oxygen microelectrode, 
dramatic decreases occur at the site of infection. The decrease 
in tissue Po, from the normal 60 mm Hg to 0 to 10 mm Hg 
corresponds with the influx of neutrophils.” The increased 
oxygen consumption of activated neutrophils overwhelms 
oxygen supply, resulting in very low tissue oxygen levels, and 
the products of the neutrophil respiratory burst (superoxide, 
hydrogen peroxide, and others) may injure local tissue cells. 
The result is eventual tissue death. 

Local tissue oxygen delivery is determined by tissue perfu- 
sion and the oxygen content of the blood. Bacterial injection 
results in altered local perfusion, probably mediated through 
vasoactive kinins, complement activation, and the direct ef- 
fects on the endothelium.‘ The result is increased tissue ede- 
ma. These changes result in a decrease in tissue Po, from 20 to 
30 mm Hg. When neutrophils arrive, tissue Po, drops even 
further to 0 to 10 mm Hg.” 

Changes in F10, from 12% to 45% produce small changes in 
the oxygen content of blood, but large changes in tissue Po,." 
By increasing the F10, to 45%, increases in tissue Po, of 40 mm 
Hg were measured over perfused capillaries, while decreas- 
ing F10, to 12% resulted in a decrease of 10 mm Hg. In the 
tissue between capillaries, changes in F10, resulted in tissue 
Po, changes of 10 to 15 mm Hg. Thus, at the site of infection 
where tissue Po, is already low, increasing the F10, to 45% 
could raise local Po, levels from 10 to 40 mm Hg, while 
decreasing F10, to 12% would drive the low Po, levels to 0 mm 
Hg. 

These changes in local Po, are sufficient to influence bacte- 
rial killing by neutrophils. Hohn et al” showed that the killing 
efficiency of human neutrophils for Staphylococcus awreus 
was impaired by Po, levels below 15 mm Hg and severely 
decreased at levels from 5 to 0 mm Hg. Thus, modest changes 
in F10, can affect local tissue oxygen delivery and influence 
the efficiency of bacterial clearance. As shown with the use of 
an animal wound model, hypoxia (12%) increased bacterial 
counts by two logs and hyperoxia (45%) decreased bacterial 
counts by two to three logs when compared with bacterial 
counts measured in animals kept in room air. “ 

The results of these experiments support and expand on 
our previously published observations.*” The number of via- 
ble E coli was nearly identical in all groups 24 hours after 
injection, probably reflecting a combination of bacterial death 
due to injection and consistent early bacterial killing. All 
animals were well oxygenated at the time of bacterial injec- 
tion and then randomized to one of three oxygen concentra- 
tions. By day 2, the effects of the different oxygen environ- 
ments on infectious necrosis and bacterial number became 
evident. 

A recent report by Jönsson et al” showed a similar effect in 
surgical wounds. In that study, S aureus organisms were 
injected into the musculocutaneous and cutaneous flaps of 
dogs. The animals were placed into oxygen environments of 
12%, 21%, and 45%, and the area of necrosis was measured at 
1, 2, and 3 days. Their results indicated a significant decrease 
in the area of necrosis at 45% oxygen when compared with 
12% and 21% oxygen. The number of viable bacteria was not 
determined; however, the necrosis results were similar to the 
results presented here. 

The possible mechanism responsible for this effect most 
likely involves the balance between tissue oxygenation, bac- 
terial proliferation, phagocytic bacterial clearance, and via- 
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bility of connective tissue and skin cells. The observed re- 
sponse can be partitioned into a three-compartment, 
hypothetical model. The injected bacteria create a central 
area of tissue necrosis due to local bacterial-induced trauma 
and hypoxia. Surrounding this central zone is an area of 
decreased perfusion in marginally viable tissue, and sur- 
rounding this is normal tissue with adequate tissue oxygen 
tensions. The number of viable bacteria primarily affects the 
central zone of necrosis. If effective bacterial killing occurs, a 
small area of infectious necrosis results; if killing is impaired, 
then bacterial proliferation occurs and the zone of necrosis 
enlarges. This is demonstrated when the area of necrosis at 
day 1 is compared with that at day 2. Animals at 12% and 21% 
F10, showed a significant increase in necrosis, while those at 
45% showed a slight decrease. The number of bacteria corre- 
lated with this trend. Animals at 12% had no change in the 
number of bacteria, animals at 21% had a statistically insig- 
nificant decrease, and those at 45% showed a significant 
decrease. 

Oxygen delivery could also affect the outer zone of viable 
but damaged tissue. If delivery is low, as in animals at 12% 
FI0,, the increased consumption of oxygen by neutrophils 
would cause a further decline in tissue Po,. If the Po, falls low 
enough, then bacterial killing will be impaired, and a widening 
of the central area of necrosis will result. If the delivery of 
oxygen is adequate, there should be enough delivery to satis- 
fy the oxygen demands of the neutrophils and the connective 
tissue, resulting in a restriction of the zone of necrosis and 
containment of the infection. 

To define further the relationship between tissue oxygen 
tension, F10,, and bacterial killing, other experiments are 
needed. First, these same studies need to be done in animals 
acclimated to the three oxygen tensions before bacterial in- 
jection. If our hypothesis is valid, the hypoxic and hyperoxic 
animals should show even greater differences. Second, fur- 
ther time points are needed to establish the longer-term 
effects of oxygen delivery. 

The clinical relevance of these experiments is supported by 
measurement of tissue oxygen tension in patients and by a 
recent epidemiologic study of wound infections. Chang et al” 
studied oxygen delivery to the subcutaneous tissue by means 
of an implanted Silastic tonometer. Their measurements 
demonstrated that changes in F10, and the perfusion status 
significantly affected subcutaneous oxygen delivery. If a pa- 
tient is well perfused, increasing the patient’s F10, from 21% 
to 45% to 70% results in a twofold increase in subcutaneous 
oxygen tension. Since the subcutaneous tissue is the site of 
most surgical wound infections, maintaining adequate tissue 
Po, in this poorly perfused, highly reactive vascular bed could 
be the main determinant controlling the local bacterial popu- 
lation. Epidemiologic research in surgical wound infections 
also supports the clinical relevance of these experiments.’ 
Haley et al” convincingly showed that the prevalence of surgi- 
cal wound infections is determined by factors that affect a 
patient’s perfusion and oxygenation status more than the 
traditional wound bacterial contamination categories. These 
authors demonstrated that heavily contaminated wounds do 
better in well-perfused, young healthy patients, while clean 
and clean contaminated wounds result in more frequent 
wound infections in elderly patients or patients with pro- 
longed, extensive operations. 

Maintaining adequate tissue perfusion with liberal fluid 
replacement and maintaining elevated tissue oxygen tensions 
with increased F10, are relatively simple therapeutic proce- 
dures that should be used, along with antibiotic therapy, to 
prevent and possibly eradicate tissue infection. 


We would like to acknowledge the help of Lisa Stevens and Rondi Watson in 
the preparation of the manuscript. 
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Invited Commentary 


Polymorphonuclear leukocyte bactericidal activity, anti- 
body-directed killing of bacteria, and local perfusion are im- 
portant processes in preventing and controlling wound infec- 
tions. However, it is not widely recognized that resistance to 
and control of infection is improved by good tissue oxygen- 
ation. In an experimental model of wound infection, Knighton 
et al have demonstrated the importance of inspired oxygen in 
the clearance of bacteria and the reduction of tissue necrosis 
associated with the induced infection. Their elegant study 
evaluates the effect of an FIO, of 12%, 21%, and 45% on E coli 
clearance at 24 and 48 hours. Bacterial wound clearance and 
decreased wound necrosis were greatest with an FIO, of 45%. 
Since injured or infected tissue is characterized by hypoxia, 
polymorphonuclear leukocyte bacterial killing is typically poor 
in these hypoxic environments.'” Since oxygen is necessary 
for the oxygen-dependent killing mechanisms, the degree of 
impairment is related to the extent of the hypoxia. Increasing 
the tissue oxygen tension to normal (45 mm Hg) or above 
normal improves the polymorphonuclear leukocyte killing of 
many bacteria.” Increasing the oxygen tension also preserves 
the viability of infected tissue, decreases cellular death, and 
minimizes the liberation of toxic cellular products. 


JON T. MADER, MD 
Galveston, Tex 
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Nonoperative Management of Major Blunt 
Liver Injury With Hemoperitoneum 


Jonathan R. Hiatt, MD; H. Dale Harrier, MD; Barbara V. Koenig, MD; KennethJ. Ransom, MD 


è We evaluated the role of nonoperative therapy in 16 patients 
with blunt multisystem trauma, hemodynamic stability following 
resuscitation, and major lobar liver injury; the patients were 
treated with a protocol of intensive care unit observation and 
computed tomographic scanning to identify and follow up the 
hepatic lesion. Computed tomographic scans showed right-lobe 
or bilobar liver lacerations and/or subcapsular hematomas in all 
patients and associated hemoperitoneum in 8 patients. Explora- 
tion was required in 2 patients; both were found to have a hemo- 
peritoneum and a nonbleeding liver laceration. There were no 
deaths. Patients with hemoperitoneum requiring transfusion had 
significantly greater injury severity scores and longer intensive 
care unit and hospital stays. The major advantage of a nonopera- 
tive approach is the opportunity to stabilize major extra-abdomi- 
nal (particularly head) injuries as the first priority. Unstable he- 
modynamics, abdominal distension, and falling hematocrit are 
indications for prompt exploration. Nonoperative care of these 
injuries requires a strict treatment protocol. 

(Arch Surg. 1990;125:101-103) 


he pathologic anatomy of liver trauma is well known. 

Most injuries are nonbleeding at the time of operation, 
and only a small fraction require operative management be- 
yond capsular repair and drainage of an associated hemoperi- 
toneum.'” However, the traditional therapy is operative, 
with therapeutic goals including repair of the injured liver and 
identification of associated trauma in the abdomen. When 
hemoperitoneum is diagnosed by peritoneal lavage, explora- 
tion is mandatory. Computed tomographic (CT) scanning as a 
diagnostic test has been used with increasing enthusiasm in 
some centers, since the scans give anatomic information 
about the extent of intra-abdominal injury. Some authors 
have advocated nonoperative management of liver injuries in 
appropriate patients. The usual criteria for nonoperative 
management have included hemodynamic stability and ab- 
sence of hemoperitoneum. We present a selected series of 
patients with liver injuries treated without operation to de- 
fine proper guidelines for this approach. 


PATIENTS AND METHODS 
Management Protocol 


During 1986 and 1987, 68 patients with liver injuries resulting from 
blunt torso trauma were seen at the UCLA Medical Center, Los 
Angeles, or an affiliated hospital. Of these patients, 52 underwent 
early exploration for treatment of hepatic and associated trauma. 
Sixteen patients (24%) with liver injuries identified by CT scan were 
treated using a protocol of nonoperative therapy, and they form the 
basis of this report. 

Each of the 16 patients was treated in the same fashion. The 
principal indication for CT scan was an abnormal sensorium (2 pa- 
tients), abdominal pain and/or tenderness (9 patients), or history of a 
blow to the abdomen (5 patients). None had unstable hemodynamics, 
physical evidence of peritonitis, or free intraperitoneal air on plain 
abdominal films. All received a nasogastric tube and a urinary cathe- 
ter during initial resuscitation. Following evaluation in the emergen- 
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cy department, computed tomography of the body was performed. 
Both oral and intravenous contrast were given prior to scanning. 
Patients received up to 200 mL of 5% meglumine diatrizoate per 
nasogastric tube, delivered in 50-mL increments at 10-minute inter- 
vals. The intravenous agent was iothalamate meglumine. Scans were 
performed on a GE 8800 scanner (General Electric, Milwaukee, Wis, 
6-s scan time, 1-cm collimation) and interpreted by attending radiolo- 
gists. Patients were then observed in the intensive care unit under 
the supervision of one of the authors, all of whom are general sur- 
geons. Careful attention was given to vital signs, abdominal examina- 
tion, and hematocrit. Computed tomographic scans were repeated 
within 48 to 72 hours, before the patient was transferred from the 
intensive care unit to the ward. Patients were allowed to begin 
ambulation when they were transferred to the ward. Because of 
associated injuries, all were treated with a cephalosporin antibiotic. 


Clinical Data 


Ten of the 16 patients were male, and the average age was 28.5 
years (range, 15 to 76 years). The mechanism of injury was a motor 
vehicle or motorcycle accident in 14 patients and a fall from a height 
and a blow to the abdomen in one patient each. 

No patients were in shock at the time of presentation to the 
emergency department, and all had stable hemodynamics when CT 
scans were performed. The scans showed bilobar liver injuries (lacer- 
ation vs contusion) with hemoperitoneum in one patient and right- 
lobe injuries in 15 patients (Figs 1 and 2). Of these 15 patients, 6 had 
subcapsular hematomas and 7 had associated hemoperitoneum. He- 
moperitoneum was perihepatic in 5 patients and perihepatic and 
pelvic in 3 patients. Five patients had head CT scans performed prior 
to the abdominal scans. None required an early nonabdominal 
operation. 

For analysis, the patients were divided into three groups depend- 
ing on the presence or absence of associated hemoperitoneum and the 
need for transfusion (Table 1). Eight patients (group 1) had liver 
injuries without hemoperitoneum, and none had transfusions. Of the 
eight patients with hemoperitoneum, three required no blood (group 
2), and five (group 3) received an average of 4.6 U (3 U in three 
patients, 4 U in one patient, and 10 U in 1 patient). 

All patients had at least one associated injury, with an average of 
1.8 injuries for the series. Specific injuries are shown in Table 2. The 
average number of associated injuries increased in a linear fashion 
with the presence of hemoperitoneum and the need for transfusion 
(Table 1). 

Injury severity scores were calculated using the Abbreviated Inju- 
ry Scale. The average injury severity score for the series was 28. The 
average injury severity score for group 3 was 40, significantly higher 
than the other groups (P<.01 by Student's t test). 


RESULTS 


Patients spent an average of 8.8 days in the intensive care 
unit and 16.7 days in the hospital. Both the intensive care unit 
(22.4 days) and hospital (30.2 days) stays were significantly 
longer in group 3 (P<.05). 

Nonoperative management was unsuccessful in two group 
3 patients. Both were 15-year-old girls. One underwent ex- 
ploration 8 hours after admission because of tachyeardia and 
falling hematocrit, and the other underwent exploration at 48 
hours because of increasing abdominal pain and tachycardia. 
The first patient received 3 U of blood and the second patient 
received 4 U. Operative findings included hemoperitoneum 
(1000 and 1500 mL, respectively) and large, nonbleeding, 
right-lobe liver lacerations in both patients. Because the liver 
~ were not bleeding, no attempts at repair were 

e. 

Follow-up CT scans in the 14 patients treated without 

operation showed a stable or resolving liver lesion and no new 
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Fig 2.—A follow-up scan on the fourth hospital day shows no progres- 
sion in hepatic lesion. The patient was asymptomatic and was receiv- 
ing a diet at this time. 


B > 


Fig 1.—Abdominal computed tomographic scan performed 3 hours 
after an automobile accident shows right-lobe liver contusion and 
laceration. 


Average 
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or increasing hemoperitoneum. No patients died, and there 
were no abdominal complications attributable to nonopera- 
tive management. Fifteen patients were discharged to their 
homes and 1 to a rehabilitation unit. 


Chest 
COMMENT Pulmonary contusion 
Myocardial contusion 
Nonoperative management has been proposed for various cr 
abdominal injuries. Nonoperative therapy is the standard for Pree St, radat i 
splenic trauma in childhood. Because many liver injuries are Renal injury 
not bleeding at the time of operation and because CT scan is an Pancreatic injury 
accurate means of identifying liver trauma (largely supplant- Splenic injury 


ing liver-spleen scintigraphy, which was used in earlier se- 
ries”), a number of investigators have suggested nonopera- 
tive treatment for patients with stable hemodynamics and no 
other injuries.“ Most patients have subcapsular or small 
intraparenchymal hematomas and minimal hemoperiton- 
eum.” A review of these experiences shows that this ap- 
proach is safe if patients are selected appropriately and ob- 
served very closely. Complications are known to increase 
when blood replacement becomes excessive. ” 

The experience described herein reiterates many of these 
principles. We report on a selected series of stable patients 
treated without operation. This approach was attempted in 
24% of patients with liver trauma and was successful in 20%. 
Liver injuries were identified by CT scan, and half of the 
patients had accompanying hemoperitoneum. Associated in- 
juries were common. Hemoperitoneum and transfusion re- 
quirements occurred in a setting of greater overall trauma: 
these patients had significantly higher injury severity scores 
and longer intensive care unit and hospital stays. 

The goals of nonoperative therapy are two: (1) avoidance of 
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Table 2.—Associated Injuries 


Injury No. of Patients 


Head or spine 
Closed head injury 
Cervical spine fracture 

Orthopedic 
Pelvic fracture 
Extremity fracture 

Soft tissue 

Complex laceration 
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operative morbidity and (2) better treatment of associated 
injuries. We submit that the two are related and that immedi- 
ate operation in all patients with hemoperitoneum may not be 
the ideal therapy. In certain clinical cireumstances, the man- 
agement algorithms calling for immediate exploration of he- 
moperitoneum may need to be reconsidered. 

An example of such a circumstance is the patient with 
severe closed head injury and a nonsurgical lesion on head CT 
scan. This patient may actually be harmed by the effects of a 
general anesthetic and the fluid shifts that accompany lapa- 
rotomy, evacuation of hemoperitoneum, and repair of a liver 


Major Blunt Liver Injury —Hiatt et al 


injury. Severe right-lobe liver injury in a patient with stable 
hemodynamics is another example. These injuries may pre- 
sent formidable technical challenges, sometimes requiring a 
thoracotomy or sternotomy for exposure. Patients with se- 
vere chest injuries also may not be best served by commit- 
ment to immediate operation, with potential pulmonary mor- 
bidity as a consequence of fluid shifts and an abdominal or 
chest incision. 

Conversely, the surgeon should not be an accomplice to a 
dangerous approach. The patient must not be allowed to bleed 
to the point of hemodynamic instability or coagulopathy, since 
the challenges of hemostasis may then become insurmount- 
able. In this series, four of five patients who had transfusions 
received 4 U of blood or fewer. It has been our recent practice, 
based on this experience, to proceed with exploration if trans- 
fusion requirements due to the liver injury exceed 4 U. Non- 
operative therapy is abandoned with a deterioration in vital 
signs, development of new abdominal tenderness or disten- 
sion, or failure of the hematocrit to respond appropriately to 
transfusion. 

Successful and responsible nonoperative management of 
patients with an identified liver injury requires adherence to a 
number of principles and adoption of a strict treatment 
protocol: 

1. Computed tomographic scans must be interpreted by 
senior radiologists with experience in trauma to exclude other 
abdominal injuries. 

2. Patients must be placed in the intensive care unit initial- 
ly, with careful attention to vital signs, abdominal examina- 
tion, urine output, and hematocrit. 

3. A follow-up CT scan in the first 2 to 5 days is useful to 
assure resolution of the hepatic lesion. 

4. Ongoing bleeding is an indication for immediate laparot- 
omy. If this will not be an option at all times, the patient 
should undergo exploration at the outset. 

5. The need for laparotomy is determined by the overall 
clinical picture, not the exact nature of the liver injury. A 
large right-lobe crack may cease bleeding spontaneously, 


while a small capsular tear in a patient with coagulopathy 
secondary to other injuries may produce life-threatening 
exsanguination. 

6. The decision to use a nonoperative approach must be 
made by a single general surgeon who will be responsible for 
the care of the patient during the entire hospitalization. 
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Invited Commentary 


New technology often has a profound effect on surgical deci- 
sions. When a previously unappreciated indication for operation is 
revealed, decision is easy; conversely, when new data suggest a 
potentially risky substitution of observation to provide the dem- 
onstrated damage an opportunity to heal spontaneously, our clini- 
cal judgment and forensic equanimity may be severely tested. 
While seldom blamed for operating on liver injuries, the surgeon 
may be castigated and impoverished when a group of surgical 
Dukes of Plaza Toro, leading from behind, pronounce retrospec- 
tively an error of judgment attributed to nonoperative man- 
agement. 

This report concerns a small series of blunt liver injuries studied 
with CT scans and initially treated nonsurgically though not 
conservatively. Conservatism in this arena is still represented by 
early operation. If, as the authors state, “the surgeon should not 
be an accomplice to a dangerous approach,” a strict protocol must 
be established, as is well outlined in the six points that end the 
article. Unfortunately, a short commentary does not permit de- 
tailed analysis, but the fact that one patient was given 10 U of 
blood without laparotomy transgresses the suggested guidelines 
unless the bleeding was known to be occurring from an extra- 
abdominal source. 

Here are some thoughts stimulated by this report: (1) None of 
the 16 patients was ever in shock, so there was much selectivity. 
(2) Demonstrated hemoperitoneum is not in itself an indication for 
laparotomy, which almost invariably results when extrapolations 
are made from a positive peritoneal lavage, as defined by the 
presence of a red blood cell count of 100 x 10°/L or greater in the 
lavage fluid. (8) The possibility of 15% serious concomitant intra- 
abdominal injuries (most often spleen, bowel, and diaphragm 


Arch Surg—Vol 125, January 1990 


injuries) must always give occasion for pause. (4) The substitution 
of transfusion for early operation seriously raises the possibility of 
exposure to hepatitis and possibly the acquired immunodeficiency 
syndrome. (5) Hospital stay tends to be substantially lengthened 
in patients who are not operated on. (6) A surgical intensive care 
unit and a reliable CT-scan reader must be consistently available. 
(7) The statement that general anesthesia and operation may 
affect concomitant head injury adversely may be challenged, since 
it is historically based on bad and avoidable experience of poorly 
controlled intraoperative and postoperative homeostasis. 

Finally, to gain a better perspective, we need to know what 
percentage of cases were managed without operation. We have 
the numerator of 14 (16 — 2) but not the denominator. It is current- 
ly thought that about 10% of such adults may be followed up 
without operation, but this figure may well grow with experience. 
In children (none in this series), as with splenic injuries, a nonop- 
erative approach is much more feasible, and the majority of their 
blunt hepatic injuries do not require surgery. Children are 
different. 

It is important to reiterate that any nonsurgical approach adds 
greatly to the responsibility of the surgeon. The surgeon is much 
more likely to be chastised for any untoward outcome than ap- 
plauded for commendable restraint. Nonetheless, there is no 
progress without risk, and exercise of this extra clinical acumen 
presents the kind of challenge that stimulates the committed 
trauma surgeon. 


ALEXANDER J. WALT, MB, CHB 
Detroit, Mich 
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Objective Measurement of Limb Perfusion 


by Dermal Fluorometry 


A Criterion for Healing of Below-Knee Amputation 


Steven J. Burnham, MD; Willis H. Wagner, MD; Blair A. Keagy, MD; George Johnson, Jr, MD 


e Quantitative fluorometry has been recommended as an ac- 
curate adjunct to clinical judgment in the preoperative assess- 
ment of lower-extremity amputation level. In this prospective 
study of 56 patients who had below-knee amputation, clinical 
judgment was used as the sole criterion for site selection. Quanti- 
tative fluorometry was compared with clinical judgment in a 
prospective, blinded study. All patients were studied before am- 
putation with administration of intravenous fluorescein. Fifteen 
minutes after injection, objective measurement of dye fluores- 
cence was performed at multiple sites with a quantitative fluo- 
rometer, and a dye fluorescence index was derived. All limbs 
undergoing amputation were ischemic, manifested by rest pain, 
nonhealing ulcers, or gangrene. Five patients (8.7%) failed to heal 
at the below-knee level. The mean dye fluorescence index for the 
group that healed was 81 + 51 (range, 13 to 259) and for the group 
that failed to heal, 110 + 49 (range, 70 to 195). Objective measure- 
ment of fluorescein perfusion did not correlate with amputation 
healing at the below-knee level in our patient population. 

(Arch Surg. 1990;125:104-106) 


he search for an ideal method of estimating the healing 

potential of an amputation at the below-knee level offers 
as its rewards the preservation of the knee joint and the 
avoidance of secondary revisions of the amputation stump. 
Below-knee amputations fail to heal for a variety of reasons, 
but most are related to ischemia at the operative site. There- 
fore, preoperative assessment is primarily focused on esti- 
mating the adequacy of skin perfusion. 

Historically, surgeons have used clinical judgment unsup- 
ported by any objective data and have achieved healing rates 
of 80% to 85% at the below-knee level.’’ A variety of tech- 
niques have been tried to improve this figure —Doppler-de- 
rived segmental blood pressures, Doppler velocity wave- 
forms, volume plethysmography tracings, skin temperature, 
xenon skin perfusion, and skin Po,—with varying degrees of 
success. The experience of our own institution comparing 
several of these methods has shown that subjective assess- 
ment of skin perfusion using fluorescein (15 to 20 mg/kg of 


body weight) and an UV lamp (Wood's lamp) was unsatisfac- 
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tory for selecting amputation sites in patients with peripheral 
vascular disease.* Qualitative fluorescein angiography pre- 
dicted the healing of many amputations that ultimately failed, 
resulting in a specificity of 20%.” In contrast, some groups 
have reported that quantitative, low-dose fluorometry is a 
highly accurate discriminator of amputation healing.” A pro- 
spective, blinded evaluation of quantitative fluorometry was 
undertaken to evaluate the efficacy of this noninvasive esti- 
mate of limb perfusion in predicting below-knee amputation 
level. 


PATIENTS AND METHODS 


In a prospective fashion, we studied 57 patients before lower- 
extremity amputation at the below-knee level. These were done 
during a 14-month period from January 1986 to March 1987. During 
the same period, the Vascular Surgical Service performed toe ampu- 
tations on 81 patients, transmetatarsal amputations on 14 patients, 
and above-knee amputations on 68 patients. Amputations performed 
at the foot, toe, or above-knee level were not included in this analysis. 
One patient (2%) who underwent a below-knee amputation died in the 
perioperative period and was excluded from further analysis. 

The study group included 29 (52%) women and 27 (48%) men. There 
were 15 patients (27%) with type I diabetes mellitus and 20 (36%) with 
type II diabetes. Thirty-six (64%) of the patients were black, and the 
remainder were white. The mean age was 66 years, with a range of 39 
to 86 years. The average age in the diabetic subgroup was not 
significantly different than in the nondiabetic subgroup (64 vs 69 
years). 

The site of amputation was determined by the attending surgeon 
before fluorescein testing. Clinical judgment guided by the physical 
examination as well as by the calf blood pressure (measured by 
Doppler method) and spectral velocity display provided the basis for 
the determination of amputation level. All patients had arterial occlu- 
sive disease that was not suitable for vascular reconstructive proce- 
dures. In addition, there were 7 patients who also had foot infections 
that constituted the primary indication for amputation. There were 
no patients in the study group who underwent amputation because of 
prior failure to control sepsis, and no patients were included who had 
cellulitis at the site of incision. During the study period, 39 patients 
had below-knee amputations that were not included in the study 
owing either to patient preference or the emergent nature of the 
operation. Most of these exclusions were amputations for infection 
rather than ischemia. 

Skin fluorescence measurements were obtained with a Fluorosean 
Surface Fluorometer (Santa Barbara Technology, Santa Barbara, 


Dermal Fluorometry — Burnham et al 


DFI Values (Chest Reference) for Healed and Failed 
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*DFI indicates dye fluorescence index. No difference was significant. 


Calif). The fluorometer was calibrated to an internal standard of 
500 U as prescribed by the manufacturer. Baseline fluorescence was 
measured at the anterior, medial, and lateral calf, the dorsal aspect of 
the foot, the anterior and posterior aspects of the forearm, the dorsal 
aspect of the hand, and a site on the chest where pigmentation 
matched that of the calf. Informed consent was obtained to inject 10% 
fluorescein sodium (Alcon Laboratories, Fort Worth, Tex) at a dose 
of 3.0 mg/lb for dark-skinned patients and 1.5 mg/lb for light-skinned 
patients via a peripheral vein (dose schedule recommended by the 
manufacturer of the fluorometer). The injection was given slowly as a 
bolus. After 12 to 15 minutes, the skin fluorescence measurements 
were repeated at each site. Comparison of dye fluorescence (DF) at 
the proposed amputation site, the anterior portion of the midleg, with 
a chest reference value resulted in the dye fluorescence index (DFT): 
DFI = (DF niaieg)/ (DF aest) X 100 

The values of DFI are expressed as the mean+SD. Differences 
between groups were evaluated using an unpaired t test. Statistical 
significance was established at the .05 level. 

The technique for amputation was similar in all operations. A 
standard long posterior flap was used to close the incision. Bone 
length was 15 to 17 cm of tibia with the fibula cut 2 cm shorter than the 
tibia. The fascia was closed with interrupted absorbable sutures, and 
skin was closed with stainless steel clips. A soft dressing was used for 
the first 24 to 48 hours. This was followed by gentle wrapping of the 
stump with an elastic dressing. Ambulation on a prosthesis was 
allowed at 6 weeks. 


RESULTS 


There were no adverse effects of the low-dose fluorescein 
injections. In five patients (8.9%), the amputation stump 
failed to heal. In each case, failure was due to ischemia of the 
skin flaps. No patients experienced failure to heal because of 
wound infection or because of trauma to the stump. 

The mean DFI for the patients in whom a below-knee 
amputation healed was not significantly different from the 
DFI of those who failed to heal (Table). Analysis of subgroups 
did not show any differentiation between those in whom 
amputation site healed or failed to heal (Table). The distribu- 
tion of the DFI for all patients is given in Fig 1. More patients’ 
amputation sites healed with low DFI values than failed to 
heal. The lowest DFI in the group showed that failure to heal 
(70) was higher than in the 57% (29/51) of patients in whom the 
amputation healed. 

Although the doses of fluorescein given to black patients 
was twice that received by white patients, the chest fluores- 
cence (reference) values were higher among whites (272 + 156 
vs 645 + 231, respectively; P<.001). However, the mean DFI 
for those whose amputations healed and those whose failed to 
heal was not significantly higher in whites than blacks 
(Table). 

The DFI was also calculated using forearm fluorescence as 
the reference value instead of chest fluorescence (Fig 2). 
There was a good correlation between the two indexes 
(r=.85). The use of the forearm as a reference did not improve 
the discrimination of the DFI. The mean values of DF'I,,...., 
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Fig 1.—Distribution of dye fluorescence index (DFI) values (ex- 
pressed as percentages) for all patients and subdivided by patient skin 
color. Closed circles indicate healed; open circles, failed to heal. 
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Fig 2.—Correlation of dye fluorescence index values obtained with 
arm reference vs chest reference. 


(+SD) for those in whom amputation healed (96% +51%) 
were not significantly different from those who failed to heal 
(128% + 86%). 


COMMENT 


Fluorescein sodium is a relatively small, inert molecule that 
is detected in the dermal vasculature by absorption of UV 
light with emission of bright green or yellow fluorescence. 
Subjective, qualitative assessment of regional perfusion can 
be made by gross inspection of a limb after intravenous ad- 
ministration of relatively high doses of fluorescein. Lange and 
Boyd," in 1944, first described the use of fluorescein angiogra- 
phy to establish the diagnosis of peripheral vascular disease. 
They used a bulky “dermatofluorometer” to quantitate the 
fluorescein delivery to dysvascular lower extremities. On the 
basis of the delivery rate of the dye, they were able to deter- 
mine amputation level accurately. 

Qualitative fluorescein angiography was later used to as- 
sess the viability of mastectomy skin flaps’ and ischemic 
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bowel” with a high degree of accuracy. Determination of 
amputation level with subjective fluorescein angiography 
was described in 1982 by McFarland and Lawrence” and 
Tanzer and Horne.” Fluorescein angiography was superior to 
clinical judgment or Doppler pressures in these reports; how- 
ever, the healing rates with this technique (80% to 85%)” are 
no better than current reports of amputations based solely on 
clinical judgment. A study from our institution comparing 
transcutaneous measurement of partial pressure of oxygen in 
the skin, skin temperature, Doppler pressures, and fluoresce- 
in angiography with clinical judgment showed no benefit of 
fluorescein over traditional clinical assessment.’ 

Fluorescein angiography is limited by its subjectivity. In- 
terpretation of the test requires individual perception of the 
degree of skin fluorescence and an arbitrary determination of 
relative perfusion. Our results, as well as others, suggest that 
qualitative fluorescein angiography is overly sensitive, often 
erroneously predicting healing of a distal amputation. Anoth- 
er limitation is the difficulty in evaluating patients with black 
skin, as heavy pigmentation will interfere with light 
transmission. 

A fiberoptic fluorometer was developed that allows quanti- 
fication of the degree of fluorescence after injection of the 
dye.” This technique has been validated in a multicolored 
animal model, extending the application of fluorescein to 
heavily pigmented patients.” Using the fluorometer and low 
doses of fluorescein, counts are obtained from both the poten- 
tial operative sites and reference sites such as the forearm” or 
the chest. Comparison of these values provides an objective 
indication of the relative perfusion of the skin at the proposed 
amputation level, the DFI. 

A recent study by Silverman and coworkers’ reported ap- 
plication of the DFI in predicting healing of 86 lower-extrem- 
ity amputations, 32 of which were below-knee. Patients with 
cellulitis were excluded, as this has been shown to raise the 
DFI spuriously. As in our series, amputations were per- 


formed on the basis of clinical judgment after fluorometry had 
been obtained. At each level of amputation, the mean DFI 
was significantly higher in the group in which amputation 
healed compared with those whose amputations failed to heal. 
With one exception, in all cases where the DFI was greater 
than 42 (a below-knee amputation), the amputation healed. 
Conversely, all operations failed when the DFI was less than 
38. A significant limitation of the test was the 13% of cases 
where the DFI was intermediate and healing was variable. 
Clinical judgment alone correctly predicted healing in 91% of 
below-knee amputations in this (as well as our) series. 

We were unable to confirm the efficacy of fluorometric 
quantitation of fluorescein delivery in a subset of patients 
undergoing amputation at a single level. There was no cutoff 
point that discriminated between healing and failure. More- 
over, the mean DFI for the group with failure was higher than 
for those that healed. In each case postoperative failure was 
due to skin ischemia of the stump. It is possible that differ- 
ences in instrumentation or systematic error in performance 
of the measurements could account for the discrepancy be- 
tween our results and those of previous investigators. Other 
authors have noted significant variation in the fluorescence of 
adjacent portions of normal limbs presumably due to subtle 
differences in pigmentation, erythema, or skin thickness.” 

It is unlikely that any noninvasive test will be cost-effective 
when traditional clinical judgment by experienced surgeons 
correctly predicts healing in 85% to 90% of cases. However, 
noninvasive tests may have their greatest utility in evaluat- 
ing limbs where clinical assessment predicts a higher level. 
Most studies have been constructed so that the noninvasive 
factors are compared with the results of amputation per- 
formed on the basis of clinical judgment. Therefore, it is not 
known how many unnecessary above-knee amputations 
would have been avoided had the site been determined on the 
basis of an objective test. 
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Immunocytochemical Analysis of Estrogen 


Receptors in Human Breast Carcinomas 


Evaluation of 130 Cases and Review of the Literature Regarding 


Concordance With Biochemical Assay and Clinical Relevance 
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è An estrogen receptor—immunocytochemical assay (ER-ICA) 
was performed on frozen sections of 130 samples of human 
breast carcinoma. A standard dextran-coated charcoal assay 
(DCCA) was performed on the same samples. Concordance of 
results between the tests was 91%. The sensitivity and specificity 
of the ER-ICA, compared with the DCCA, were 92% and 89%, 
respectively. We describe the ER-ICA technique and review the 
literature regarding the use of the ER-ICA in evaluating breast 
cancer with respect to the agreement of results with the DCCA, 
the nature of discordant results, the ability to predict the clinical 
response to hormone therapy, and the ability to predict disease- 
free survival. The combined experience of many studies has 
shown that the ER-ICA is a highly specific and sensitive method 
for measuring the level of ERs in breast tumors with a high level 
of agreement with the DCCA. Early experience has suggested 
that the ER-ICA can predict the response to hormone therapy and 
disease-free survival, as well as or better than the DCCA. The 
evaluation of receptor heterogeneity, made possible by the ER- 
ICA, may enhance our ability to discriminate ER-positive tumors 
with a relatively high risk of recurrence. 

(Arch Surg. 1990;125:107-113) 


B reast cancer is the most common new malignant neo- 
plasm and the second most lethal malignant neoplasm in 
women in the United States, with 142900 new cases and 
43 300 deaths projected for 1989." It has been known for 
almost a century that some breast cancers will favorably 
respond to hormonal manipulation when, in 1896, Sir George 
Beaston reported the regression of metastatic breast cancer 
in patients who received an oophorectomy.’ Since then, it has 
become well established that the progression of some breast 
cancers is partially dependent on the interaction of various 
hormones and growth factors with specific receptors on the 
tumor cells themselves. 

Many studies within the past 15 years have shown that 
about half of all breast carcinomas possess estrogen receptors 
(ERs) and that 50% to 60% of these tumors will stabilize or 
regress when treated with a variety of therapies designed to 
reduce the level of circulating estrogen or interfere with its 
function.*° In contrast, less than 10% of ER-negative tumors 
respond to antiestrogen therapy. Other studies have shown 
that patients with ER-positive tumors enjoy a longer disease- 
free survival (DFS) and longer overall survival than patients 
with ER-negative tumors." For these reasons, the evaluation 
of the ER status has become a standard practice in the man- 
agement of patients with breast cancer, and for the past 
decade, the dextran-coated charcoal assay (DCCA) has been 
the test most commonly used to measure the ER content. 
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Recently, promising alternate methods for measuring the 
ER content have become available based on the development 
of monoclonal antibodies that are specific for ER and their use 
in immunocytochemical assays (ICAs)."* By using an ER- 
ICA, pathologists can directly visualize the receptor status of 
individual tumor cells by light microscopy on a variety of 
histological preparations, including frozen sections, fine-nee- 
dle aspirates, and permanent sections. Studies that have used 
an ER-ICA have shown that almost all ER-positive tumors 
contain varying proportions of ER-positive and ER-negative 
cells and varying concentrations of receptor within ER-posi- 
tive cells. An ER-ICA is a sensitive reproducible method of 
evaluating this receptor heterogeneity that, in early studies, 
is emerging as a useful new discriminant in recognizing ER- 
positive tumors with a relatively high risk of recurrence. In 
contrast, the DCCA provides quantitative information re- 
garding the ER concentration in the entire specimen, but it is 
unable to address the ER heterogeneity of tumor cells within 
the specimen. An ER-ICA is also able to evaluate the ER 
content in small tumors and retrospectively on paraffin blocks 
of fixed tumors, both of which are not possible by the DCCA. 

We report our experience with an ER-ICA on frozen sec- 
tions of 180 samples of breast carcinoma and a comparison of 
these results with the DCCA. In addition, a review is provid- 
ed that summarizes the published experience regarding the 
concordance of results between the ER-ICA and DCCA, the 
ability of the ER-ICA to predict the response to hormone 
therapy, and the ability of the ER-ICA to predict disease-free 
survival (DFS). 


MATERIALS AND METHODS 
Specimens 


One hundred thirty consecutive samples of breast carcinoma ob- 
tained from biopsies or mastectomies were acquired between Octo- 
ber 1987 and February 1989, from women who underwent operations 
at the University of Texas Medical Center Hospital and the Audie 
Murphy Veterans Administration Hospital in San Antonio, Tex. The 
specimens were received in the frozen-section room within 10 min- 
utes of excision and immediately divided into three separate portions 
of tissue for the diagnostic permanent sections, the DCCA, and the 
ER-ICA. 


DCCA 


A portion of tumor (0.5 to 1.0 g) was snap-frozen at — 60°C in an 
isopentane immersion bath (Histobath, Neslabs Instruments Ine, 
Portsmouth, NH) and immediately transported frozen to the Tumor 
Receptor Laboratory, Department of Medicine, University of Texas 
Health Science Center, San Antonio. The cytosol ER content of the 
specimens was evaluated by a standard DCCA, as previously de- 
scribed,” and entered into the patients’ permanent records. The BR 
values were extracted from the patients’ charts, and concentrations 
that were greater than or equal to 5 fmol/mg of total protein were 
considered to be positive in this study. 
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ER-ICA 


A section of tumor (approximately 0.4 x 1.0 x 1.0 em) was placed in 
a flexible plastic mold (Miles Laboratories, Naperville, Ill) that con- 
tained a semiviscous freezing compound (OCT, Miles Laboratories, 
Naperville, Ill), snap-frozen at —60°C in an isopentane immersion 
bath, and immediately transported frozen to the Diagnostic Immuno- 
cytochemistry Laboratory, Department of Pathology, University of 
Texas Health Science Center. The specimens were either tested 
immediately or stored for varying times (1 day to 3 months) in the 
laboratory frozen-tumor bank at — 70°C until testing. 

The ER-ICA staining procedure was performed on 5-.m cryostat 
sections that were thaw-mounted on adhesive-coated glass slides 
(chrome alum gelatin). The frozen sections were immediately fixed in 
3.7% formaldehyde-phosphate—buffered saline (PBS) for 15 minutes, 
washed 5 minutes in PBS, fixed at — 10°C in absolute methyl alcohol 
(3 minutes), washed in PBS (5 minutes), and fixed again at — 10°C in 
acetone (3 minutes). The reagents used for staining, following fixa- 
tion, were obtained in kit form (ER-ICA Monoclonal, Abbott Labora- 
tories, North Chicago, Ill). The staining procedure involved sequen- 
tial incubations, with intervening PBS washes (5 minutes), in a 
blocking normal goat serum (15 minutes), rat monoclonal anti-ER 
(H222) or control normal rat IgG (60 minutes), goat anti-rat IgG (60 
minutes), rat peroxidase-antiperoxidase complex (60 minutes), and 
diaminobenzidine/hydrogen peroxide chromogen substrate (10 min- 
utes). Following the chromogen, the manufacturer’s recommended 
procedure was modified to enhance the chromogen signal by incubat- 
ing slides in 0.1% osmium tetroxide/PBS (1 minute). The slides were 
then rinsed in running tap water (3 minutes), rinsed in deionized 
water (1 minute), counterstained with methyl green (15 seconds), 
rinsed again in deionized water (1 minute), dehydrated in graded 
alcohols, cleared in xylene, and coverslipped with a permanent 
mounting medium. 

The slides were evaluated by light microscopy, and the proportion 
and staining intensity of ER-positive cells were semiquantitatively 
characterized by the method of Reiner et al.” Briefly, a proportion 
score of positively staining cells was subjectively determined based 
on the examination of all tumor cells on the entire slide (0=none, 
1=less than one tenth, 2 = one tenth to one third, 3 = one third to two 
thirds, and 4= greater than two thirds). Next, a subjective average 
staining intensity score was assigned (ie, 0=none, 1 = low, 2=inter- 
mediate, and 3 = high). The proportion and intensity scores were then 
added for a final score (0= negative ER content, 2 and 3=positive/ 
low ER content, 4 and 5=positive/intermediate ER content, and 6 
and 7 = positive/high ER content). 


RESULTS 


ER-ICA Technique and Staining Properties 


A graphic representation of the ER-ICA technique and 
staining characteristics is shown in Fig 1. The test can be 
performed on a variety of histological preparations, including 
frozen sections, formaldehyde-fixed permanent sections, and 
fine-needle aspirates of breast tumors. The histological tissue 
sections or the smears of tumors on glass slides were sequen- 
tially incubated with a monoclonal antibody against ERs (pri- 
mary antibody), a polyclonal antibody against monoclonal 
anti-ER (secondary antibody), a peroxidase-antiperoxidase 
reagent, and, finally, the substrate for the peroxidase-anti- 
peroxidase enzyme complex. The reaction with the substrate 
resulted in the formation of an insoluble, colored precipitate 
(chromogen) that rapidly grew large enough to be visualized 
with the light microscope. Because the primary antibody 
recognized a portion of the ER molecule, separate from the 
functional estrogen-binding site, the ER-ICA identified the 
ER, independent of its binding relationship with the endoge- 
nous estrogen. Thus, an immunocytochemical reaction based 
on a specific sequential linkage between three antibodies 
resulted in the localization of the antigen (ER) recognized by 
the first or primary antibody. 

The microscopic evaluation of tumors, tested by the ER- 
ICA, showed that virtually all the ER content was located in 
the nuclei of the malignant (and some benign) breast epithelial 
cells. Most ER-positive tumors were heterogeneous in that 
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they contained both ER-positive and ER-negative cells. Fur- 
thermore, the ER-positive nuclei stained with a varying in- 
tensity that was most likely cirectly related to the varying 
ER concentration. By using the scoring method of Reiner et 
al,” the hypothetical microscopic representation of tumor 
cells in Fig 1 shows a proportion of positively staining nuclei 
greater than two thirds (proportion score = 4) and an interme- 
diate average nuclear staining intensity (intensity score = 2). 
This tumor would be reported as “positive/high ER content” 
(total score = 6). The photomicrographs illustrating these het- 
erogeneous ER-ICA staining properties on a frozen section, 
permanent section, and fine-nzedle aspirate of actual breast 
tumors are shown in Fig 2. 


Case Series/Concordance of ER-ICA and DCCA Results 


Figure 3 shows the comparison of the results of 130 consec- 
utive samples of breast carcinama that were analyzed for ER 
by the DCCA and the ER-ICA on frozen sections. The DCCA 
and ER-ICA results agreed (bcth positive or both negative) in 
118 of the samples (concordanze = 91%). Compared with the 
DCCA, there were six “false-negative” ER-ICA results (sen- 
sitivity =92%) and 6 “false-positive” ER-ICA results 
(specificity = 89%). 


COMMENT 


For the past 10 years, the evaluation of the ER status has 
been routinely used in the management of patients with 
breast cancer to predict the response to antiestrogen thera- 
py” and the DFS. Several biochemical ligand-binding as- 
says have been developed to measure the ER content in 
samples of breast tumors, and among these, the DCCA has 
become the most commonly used test. The DCCA provides a 
specific, sensitive, reproducible, and quantitative measure- 
ment of the ER content. However, the values obtained from 
the DCCA represent an “average” ER concentration of the 
entire specimen and do not address the important issues 
regarding receptor heterogeneity, such as the identification 
of which cells are ER-positive (eg, benign vs malignant; intra- 
ductal vs invasive) or the proportion of ER-positive cells. This 
inability of the DCCA and related ligand-binding assays to 
address the receptor heterogeneity partially motivated the 
development of monoclonal ancibodies that are specific for 
ERs content and their recent use in immunocytochemical 
methods to evaluate the ER cortent and ER heterogeneity of 
breast cancers.’ 

At least a dozen ER-specifie monoclonal antibodies have 
been developed,” although only a few have been employed in 
studies that have reported the use of an ER-ICA to evaluate 
the ER content in breast cancers. To date, the large majority 
of studies using an ER-ICA have described the general stain- 
ing characteristics of the methed and the level of agreement 
between the ER-ICA and standard biochemical ER results 
measured in the same tumors. All studies using an ER-ICA 
have shown that ER resides in she nuclei of tumor cells, that 
most ER-positive tumors contan ER-positive and ER-nega- 
tive cells, and that the concentration or staining intensity of 
the ER content varies between cells. The ER content, mea- 
sured by ligand-binding assays such as the DCCA, is predomi- 
nately located in the cytoplasmic extracts or “cytosols” that 
are prepared from whole tumor homogenates. As yet, there 
has been no generally agreed-en explanation regarding the 
nuclear vs cytoplasmic location of ERs, and a discussion of 
this controversy is beyond the intent of this article. However, 
evidence is accumulating that favors the concept that high- 
affinity ERs normally reside n the nuclei of benign and 
malignant breast epithelial cells and, furthermore, that the 
apparent cytoplasmic location ef ERs, as measured by the 
DCCA, may be a fortunate art:fact of the extraction proce- 
dures used to prepare the tumor cytosols used in the test. ” 
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Fig 1.—The estrogen receptor (ER)—immunocytochemical assay technique can be performed on a variety of histological 
preparations (A). The specific sequential linkage of three antibodies results in a localization of the antigen (ER) recognized 
by the first antibody (B). Light microscopy shows ERs to be located in the nuclei of tumor cells. Most ER-positive tumors 
contain varying proportions of ER-positive cells that stain with varying intensity (C). PAP indicates peroxidase-antiperoxi- 
dase; PX, peroxidase enzyme. 


Fig 2.—Photomicrographs of the staining properties of the estrogen receptor—immunocytochemical assay performed on a 
frozen section (A), formaldehyde-fixed permanent section (B), and fine-needle aspirate (C) of breast carcinoma speci- 
mens. All photomicrographs show estrogen receptor—immunocytochemical assay staining technique with methy! green 
counterstain, x 400. 
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Table 1.—Literature Review of Concordance Between DCCA 
and ER-ICA on Frozen and Permanent Sections and Fine- 
Needle Aspirates of Breast Carcinomas* 


Reference No. of Cases Concordance, % 
Frozen Sections 
McCarty et al 134 


Shimada et al? 

Azevedo et al?® 

Charpin et al? 115 
Difronzo et al?’ 
Jonat et al? 
McClelland et al? 
Remmele et al% 
Reiner et al'° 
Sforza et al 
Gerdes et al* 
Ozzello et al* 
Reiner et al% 
Shintaku and Said 
Teasdale et als 
VanNetter et al 
Weintraub et als’ 
Charpin et al% 
Cudahy et al? 
DeLena et al“ 
Helin et al“ 
Keshgegian et al* 
Ottestad et al* 
Parl and Posey’? 


ai 
_ 
Lo) 





Sheres et al“ 

von Kleist et al*® 
Hanna and Mobbs* 
Present study 
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Total 2837 
Permanent Sections 
Shimada et al% 109 


Andersen et al*’ 
Shintaku and Said" 
Teasdale et al 
Hiort et al*® 

Cheng et al*? 
Andersen et al® 
Andersen et al5' 
Total 
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Fine-Needle asp 
Azevedo et als 


Flowers et al*? 
Lozowski et al®* 
McClelland et al* 
Reiner et al% 
Weintraub et al?” 
Keshgegian et al‘? 
Masood® 

Total 


*Calculated averages are weighted with respect to the number of cases from 
each contributing study. References are listed in chronologic order. DCCA 
indicates dextran-coated charcoal assay; ER-ICA, estrogen receptor—immu- 
nocytochemical assay. 
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Fig 3.—Comparison of the estrogen receptor (ER) values obtained by 
the dextran-coated charcoal assay (DCCA) and the ER-immunocyto- 
chemical assay (ICA) performed on frozen sections of 130 breast 
cancer specimens. A value of 5 fmol/mg was considered to be a 
positive DCCA test result in this study. The ER-ICA was scored 
according to the method of Reiner et al." 


In addition to presenting a comparison of the results be- 
tween the ER-ICA and DCCA in 130 frozen-section speci- 
mens of breast carcinoma, we have reviewed the English 
literature regarding the level of agreement between the 
DCCA and ER-ICA measured in frozen sections, permanent 
sections, and fine-needle aspirates of breast tumors. Table 1 
shows the individual and combined concordance of results 
derived from studies that were confined to the use of the anti- 
ER monoclonal antibody H222. While H222 has been used in 
the large majority of investigations, a few studies that em- 
ployed other antibodies (H226, D547, and D75) have reported 
similar results.’ From this review, we also omitted a few 
preliminary studies that were later reported in more com- 
plete form and several studies from which precise concor- 
dance data between the ER-ICA and DCCA were not stated 
or could not be extracted. 

The weighted average concordance (both positive or nega- 
tive tests) between the DCCA and ER-ICA, measured in 
frozen sections, was 86% in almost 3000 patients. The concor- 
dance between the DCCA and ER-ICA, measured in perma- 
nent sections from 470 patients and fine-needle aspirates from 
423 patients, were 88% and 83%, respectively. The perma- 
nent sections, evaluated by the ER-ICA, were usually prein- 
cubated in a digestive enzyme solution (eg, DN Ase) to expose 
the ER antigen sites that were masked by fixation and en- 
hanced the sensitivity of the test." The combined experience 
shows the ER-ICA to be a flexible method of measuring the 
ER content with a high level of agreement with the DCCA. 
This flexibility has proved to be useful in allowing for the 
evaluation of the ER status in tumors that are too small for the 
DCCA and retrospectively in the paraffin blocks of formalde- 
hyde-fixed tumors that were not originally evaluated by the 
DCCA. 

In our study, there were six “false-negative” and six “false- 
positive” ER-ICA results, compared with the DCCA results, 
for a sensitivity of 92% and specificity of 89%, respectively. 
These percentages, reflecting the incidence of discordant 
results, are similar to others reported in the literature. Fig- 
ure 4 shows the proportions of the two possible types of 
discordant results between the DCCA and ER-ICA that were 
calculated from the studies reviewed and listed in Table 1, 
involving nearly 3000 cases and 400 total discordant results 
from frozen-section specimens. Slightly less than half of the 
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Fig 4.—Types and proportions of discordant results between the 
dextran-coated charcoal assay (DCCA) and the estrogen receptor- 
immunocytochemical assay (ER-ICA) calculated from a literature re- 
view that involved the DCCA and ER-ICA studies of nearly 3000 total 
and 400 discordant frozen sections of breast carcinomas. Possible 
mechanisms responsible for discordant results are also listed. Plus 
sign indicates positive; minus sign, negative. 


discordant cases were ER-ICA-negative/DCCA-positive, 
and slightly more than half were ER-ICA-positive/DCCA- 
negative. Parl and Posey” recently looked more closely into 
the nature of a small series of discordant test results and 
found that all ER-ICA-negative/DCCA-positive results in- 
volved low-positive DCCA values that could be explained on 
the basis of the residual ER-positive benign breast epithelium 
in the specimens. Disclosure of such apparently “false-posi- 
tive” DCCA results is due to the direct microscopic visualiza- 
tion of ER-positive cells made possible by the ER-ICA. In our 
series, the average DCCA value of the six ER-ICA-negati- 
ve/DCCA-positive samples was 9 fmol/mg. Only one of these 
samples could be tentatively explained by the presence of ER- 
positive benign cells, while the other five were discordant for 
unresolved reasons. The analysis by Parl and Posey” of ER- 
ICA-positive/DCCA-negative discordant results revealed 
that the majority in their series involved tumors that con- 
tained rare ER-positive tumor cells or tumors from premeno- 
pausal women. Again, due to the direct microscopic visualiza- 
tion of the receptor status, the ER-ICA can disclose the 
presence of rare ER-positive cells in a specimen. Since the 
DCCA primarily measures the unoccupied ER, Parl and Po- 
sey” suggested that the receptors in ER-positive tumors 
from premenopausal women may be “masked” by circulating 
endogenous estrogen. In contrast, the ER-ICA detects the 
ER regardless of its ligand-binding status. In our series, 
three ER-ICA-positive/DCCA-negative discordant results 
involved tumors from premenopausal women, two involved 
samples that contained rare ER-positive tumor cells, and one 
was associated with no obvious explanation. It is likely that 
many unexplained ER-ICA-positive/DCCA-negative test 
results are due to specimen mishandling or sampling error 
before the DCCA. Thus, our own and Parl and Posey’s” 
findings suggest that a significant proportion of all discordant 
results between the DCCA and ER-ICA represent “false- 
positive” and “false-negative” DCCA test findings and, there- 
fore, that the ER-ICA is a more specific and sensitive mea- 
sure of the ER content in breast tumors. 

More important than the level of agreement between the 
DCCA and ER-ICA, in evaluating the ER status, is the 
ability of either test to assist in the management of patients 
with breast cancer. A review of the literature summarizing 
the experience regarding the ability of the ER-ICA vs the 
DCCA to predict tumor response to antiestrogen hormonal 
therapy is shown in Table 2. These studies involved at least 
336 patients with advanced breast cancer who were treated 
with a variety of additive and ablative forms of antiestrogen 
therapy. The weighted average of the combined results 
shows that 74% of the patients with ER-ICA-positive tumors 
and 13% of the patients with ER-ICA-negative tumors 
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Fig 5.—Predictive value of the estrogen receptor-immunocytochemi- 
cal assay (ER-ICA) regarding disease-free survival in 111 patients 
with breast cancer who were followed for 3 years. The ER-ICA-— 
positive tumors are stratified into those with greater than 50% negative 
cells and those with less than 50% negative cells (modified from 
Walker et al”). 


showed stabilization or regression of their disease in response 
to antiestrogen therapy. Although these results involved 
relatively small numbers of patients, the 74% positive predic- 
tive value of the ER-ICA is significantly higher than the 50% 
to 60% that is commonly associated with the DCCA. The ER- 
ICA also compared favorably to the 65% positive and 86% 
negative predictive DCCA values that were derived from the 
only four of the nine studies reviewed that directly compared 
the tests in the same series of patients. Additional prospec- 
tive studies are needed to confirm the suggestion of these 
preliminary results that the ER-ICA can predict the response 
to hormone therapy, as well as or better than DCCA. 
Another important rationale for the evaluation of hormone 
receptors in the management of patients with breast cancer 
derives from the prognostic correlation between the ER sta- 
tus, and DFS, and between the ER status and overall surviv- 
al. Few studies have addressed the prognostic ability of the 
ER-ICA beyond 3 years. DeSombre et al” showed a signifi- 
cantly higher DFS and overall survival in ER-ICA-positive 
vs ER-ICA-negative tumors at 3 years in 93 patients. Thorpe 
et al” showed a similar DFS advantage associated with ER- 
ICA-positive tumors at 3 years in 93 patients. The prognostic 
ability of the ER-ICA and DCCA was similar in both studies. 
Inamore recent retrospective study that involved 257 patient 
samples evaluated on frozen sections, Kinsel et al” reported a 
significant survival advantage of ER-ICA-positive tumors 
over ER-ICA-negative tumors at 5 and 10 years. The positive 
DCCA values in the same series were associated with a higher 
survival at 5 years only. Walker et al,” in an interesting 
recent study that involved 111 patients, reported a signifi- 
cantly higher DFS in all patients with ER-ICA-positive tu- 
mors vs ER-ICA-negative tumors at 3 years. This study 
further stratified patients into those with ER-negative tu- 
mors, ER-positive tumors with greater than 50% negative 
cells, and ER-positive tumors with less than 50% negative 
cells. The findings (summarized in Fig 5) showed that the 
DFS of patients with tumors that contained greater than 50% 
ER-negative cells approached that of patients with ER-nega- 
tive tumors, while patients with tumors that contained less 
than 50% negative cells showed a much higher DFS during 
the study period. This information is new and different from 
the comparison of the DFS between tumors with varying 
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Table 2.—Literature Review Regarding Ability of ER-ICA vs DCCA to Predict Tumor Response to 
Antiestrogen Hormonal Therapy in Patients With Advanced Breast Cancer* 


Predictive Value With ER-ICA, % 


No. of 


Reference Patients Positive 


Jonat et al? 

McCarty et al” 
McClelland et al® 
Berger et al®® 

Burton et al® 

Coombes et al®' 
Andersen and Poulsen® 


Average 
predictive value 


Specimen 





Predictive Value With 
DCCA, % 
Positive 


Negative Negative 


Frozen sections 
Frozen sections 
Frozen sections _ 
Smears 

* Fine-needle aspirates 
Fine-needle aspirates 
Permanent sections 


*Patients had received a variety of additive and ablative treatments. Positive and negative predictive values indicate the percentage of positive tests associated 
with a positive response and negative tests with a negative response, respectively; ER-ICA, estrogen receptor—immunocytochemical assay; and DCCA, dextran- 
coated charcoal assay. Averages are weighted with respect to the number of patients from each contributing study. References are listed in chronologic order. 


concentrations of ER as measured by the DCCA. Data from 
many studies, including ours (Fig 3), show that any given 
DCCA value, particularly those below.50 fmol/mg, may be 
associated with the entire range of positive ER-ICA values, 
- suggesting that.there is no straightforward direct relation- 
ship between the proportion of negative cells (as measured by 
the ER-ICA) and the overall ER concentration (as measured 
by the DCCA) in a specimen and, furthermore, that the 
proportion of negative cells may be more sensitive than the 
ER concentration in predicting the DFS. 

We recently evaluated a case of breast cancer by the ER- 
ICA, which showed an ER-positive intraductal carcinoma, an 
ER-negative microinvasive component, and ER-negative ax- 
illary nodal metastases, suggesting that the heterogeneity of 
the receptor location, in addition to the heterogeneity of the 
receptor proportion, is of prognostic significance. While it is 
not clear why the ER-ICA appears, in some cases, to have a 
better predictive value for prognosis than the DCCA, the 
results from these few preliminary studies hold promise that 
the evaluation of ER heterogeneity by the ER-ICA may help 
to discriminate ER-positive tumors with a relatively high risk 
of recurrence and thereby identify patients who might poten- 
tially benefit from adjuvant therapy. At any rate, additional 
prospective studies will be required to establish more firmly 
the prognostic capability of the ER-ICA. 


CONCLUSION 


The ER-ICA is a flexible, semiquantitative, microscopical 
method of directly evaluating the ER content of breast carci- 
noma that appears to be both more specific and sensitive than 
the DCCA. In preliminary studies, the ER-ICA has predict- 
ed the response of breast cancer to antiestrogen hormone 
therapy, as well as or better than the DCCA. The ER-ICA 
has prognostic ability that is at least as powerful as the DCCA 
and, unlike the DCCA, is able to address the heterogeneity of 
ER distribution in tumors which may assist in identifying ER- 
positive tumors at a relatively high risk of recurrence. 


Coranelle Shelton and Barbara Harris provided excellent technical assis- 
tance in performing the immunocytochemical procedures. 
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Benefits of Intra-abdominal Pack Placement 


for the Management of 


Nonmechanical Hemorrhage 


Javid Saifi, MD; John B. Fortune, MD; Linda Graca; Dhiraj M. Shah, MD 


è Massive nonmechanical bleeding following severe liver in- 
jury is a difficult problem. Placement of intra-abdominal packs 
tamponades this nonmechanical bleeding and allows time for 
correction of various metabolic disturbances (ie, hypothermia, 
hypotension, acidosis, and coagulopathy). The purpose of this 
retrospective study was to evaluate the severity of these meta- 
bolic disturbances at the time of pack placement and the sequen- 
tial improvement. It was found that most life-threatening distur- 
bances that developed during the initial operative procedure 
could be corrected within 18 hours after pack placement and 
aggressive resuscitation. We concluded that the onset of nonme- 
chanical bleeding and a coagulopathy marks a grave prognosis 
for the patient, and consideration should be given at this time for 
pack placement. Patients can then be aggressively resuscitated 
and returned to the operating room within 24 hours for pack 
removal if stability is achieved. 

(Arch Surg. 1990;125:119-122) 


R ecently there has been a renewed interest in the use of 
intra-abdominal packs for the management of massive 
injuries to the liver. Present-day techniques for securing 
hemostasis in the liver, such as resectional débridement, 
discrete ligation of bleeding sites, and the use of mattress 
sutures, have significantly decreased the mortality from this 
injury to 10%. However, there remains a small group of 
patients who continue to bleed from the liver parenchyma 
with no discernable major site of hemorrhage.’ These patients 
often have a coagulopathy and thus a nonmechanical cause 
contributing to the continued bleeding. As a result of other 
injuries and associated blood loss, these patients are often 
hypothermic, hypoperfused, and acidotic by the time control 
of bleeding has been achieved. Attempts to correct this coagu- 
lopathy in the operating room are often time-consuming and 
futile, and can initiate a sequence of events that can delay the 
ultimate control of the hemorrhage. In these patients, the use 
of intra-abdominal packs has been effective in controlling 
bleeding and allowing time for correction of metabolic 
disturbances.”” 

Several recent studies have shown the benefits of liver 
packing when no other hemostatic techniques are success- 
ful. However, little information has been provided regard- 
ing the severity of the coagulopathy or its underlying cause 
when the decision to pack the liver is made. In addition, the 
rapidity with which the coagulopathy, hypothermia, and he- 
modynamic instability improve is not well described. To an- 
swer the question of “when to pack” and “when to remove the 
pack,” we retrospectively reviewed patients admitted to the 
trauma service at the Albany (NY) Medical Center, in whom 
intra-abdominal packing was needed to control bleeding. In 
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particular, we examined the severity of the metabolic and 
coagulation disturbance that was present when the decision 
to pack was made, as well as the rate at which these parame- 
ters improved after the intial operation. 


MATERIALS AND METHODS 


The medical records of nine patients who had placement of intra- 
abdominal packs were reviewed. From these records, blood and fluid 
requirements, hemodynamic parameters, temperature, pH levels, 
coagulation study results, abdominal drainage volumes, culture re- 
sults, and outcome were recorded. The severity of the liver injuries 
was graded following the classification of Aldrete et al.’ Data were 
recorded for the intial operative procedure (OR1), inital postopera- 
tive period (PO1), second operative procedure for pack removal 
(OR2), and for the initial 24 hours following pack removal (PO2). Data 
were then compared sequentially from OR1 to PO2. Comparisons 
were also made between the two operative and postoperative peri- 
ods. Multifactorial analysis was performed in patients whose postop- 
erative course was complicated by abdominal infection or death to 
determine if any variables were particularly associated with these 
complications. Statistical analysis was done using paired and un- 
paired Student’ t test with BMDP Statistical Software.” 


RESULTS 


Nine patients underwent placement of intra-abdominal 
packs for nonmechanical bleeding between 1983 and 1987. 
There were seven male and two female patients, with a 
mean + SEM age of 25 +3 years. Six patients sustained blunt 
injuries to the liver; one sustained a high-velocity gunshot 
wound to the right upper quadrant; one woman with pre- 
eclampsia suffered a ruptured liver following childbirth; and 
one patient had uncontrollable pelvic bleeding from a trau- 
matic partial hip disarticulation with disruption of the iliac 
artery and vein. 

On arrival in the emergency department, these patients 
were initially resuscitated with crystalloid. Peritoneal lavage 
was performed in six patients to diagnose abdominal injury. 
Two of these liver injuries were classified as grade IV and five 
were classified as grade V. An attempt was made in each 
patient to control bleeding without the use of packs. The 
Pringle maneuver was applied in each patient to reduce blood 
loss while discrete bleeding sites were secured. Resectional 
débridement was performed in five patients. 

When it was noted that there was diffuse bleeding from the 
liver parenchyma with no discrete source, simple measures 
such as manual compression, use of topical agents, or liver 
sutures were first attempted. When these failed and the onset 
of coagulapathy was confirmed, the decision to pack the liver 
was made. Along with the packs, both passive and active 
drains were placed. The patient with pelvic bleeding under- 
went packing for the same indications. Once the operative 
procedure was completed, patients were taken to the inten- 
sive care unit (ICU) where they were aggressively resusci- 
tated with crystalloids and blood products until their metabol- 
ic acidosis, coagulopathy, hypothermia, and hemodynamic 
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Table 1.—Blood and Fluid Requirements* 
OR1 OR2 
(Mean + SEM) (Mean + SEM) 


Estimated blood loss, mL 16 756 + 4441 1050 + 470 


Hematocrit valuet 0.189+0.015 0.314+0.011 


Blood, U 23+7 2+0.5 
Total fluids, mL 19072+3910 3349 + 342 


*OR1 indicates initial operative procedure; OR2, second operative procedure 
for pack removal. 
tThe mean of the lowest measured value during each procedure. 


Table 2.—Coagulopathy and Requirements in 
Operating Room for Correction* 
OR1t 


OR2 











(Mean+SEM) (Mean+SEM) P 
PTr 2.1£6:2 1.2+0.1 <.01 
Fibrinogen, mg/dL 45+8 362 + 61 <.01 






Platelets ( x 109/L) 93+5 73+5 <.05 






Fresh frozen plasma, U 12+4 1+0.5 <.05 
Cryoprecipitate, U 18+5 0 <.01 
Platelets, U 8+2 2+1 <.05 





*PTr indicates prolonged prothrombin time ratio of patient to control; PTTr, 
partial thromboplastin time ratio of patient to control. 

tOR1 indicates initial operative procedure; OR2, second operative procedure 
for pack removal. 
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Fig 1.—Rise in hematocrit value after placement of packs. The operat- 
ing room value is the average of the lowest measured hematocrit value 
during the initial operative procedure (OR1). Hour 0 is the first mea- 
sured hematocrit value on arrival in the intensive care unit. 


values improved. They were then taken back to the operating 
room for pack removal. 

The mean+SEM time interval between procedures was 
46+5 hours. No patient rebled after removal of the packs. 
Three patients required further débridement. All drains 
were replaced, and patients were taken back to the ICU. 
During the first operative procedure, patients were hypoten- 
sive (systolic blood pressure <90 mm Hg) for 39 + 16 minutes. 
However, by the time the patients reached the ICU, only two 
patients remained hypotensive. No patient was hypotensive 
during OR2. Blood loss, lowest hematocrit value, and fluid 
requirements for each operative procedure are shown in Ta- 
ble 1. The blood and fluid requirements during each procedure 
are a reflection of the period of hypotension and estimated 
blood loss. 
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Fig 2.—Rise in pH after placement of packs. The operating room value 
is the average of the lowest measured pH during the initial operative 
procedure (OR1). Hour 0 is the first measured pH on arrival in the 
intensive care unit. 
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Fig 3.—Rise in body temperature after placement of packs. The 
operating room value is the average of the lowest measured tempera- 
ture during the initial operative procedure (OR1). Hour 0 is the first 
measured temperature on arrival in the intensive care unit. 


The mean+SEM lowest body temperature during OR1 
was 31.6°C +0.8°C in OR1 and increased to 36.3°C +0.2°C 
during OR2. The lowest mean pH was 7.19+0.04 in ORI, 
which increased to 7.38 +0.02 during OR2. A base deficit of 
10.4 + 1.6 mEq/dL suggests that the acidosis was metabolic in 
origin. This did not recur during OR2 (0.4 + 0.6 mEq/dL). 

The extent of the bleeding diathesis is shown in Table 2. A 
marked depletion of coagulation factors and fibrinogen attrib- 
uted to the prolonged prothrombin time ratio (PTY) of patient 
to control and partial thromboplastin time ratio (PTTr) of 
patient to control and low fibrinogen count. This accounted for 
the significantly larger quantity of replacement required dur- 
ing OR1. The platelet count was higher in OR1 than OR2; 
however, it remained greater than 50 10°/L with minimal 
replacement. Once the operative procedure was completed, 
patients were resuscitated until their hemodynamic values, 
coagulopathy, acidosis, and hematocrit values were correct- 
ed. The time needed to achieve this is illustrated in Figs 1 
through 4. The average hematocrit value had increased to 
nearly 0.30 by the time the patient arrived in the ICU, and 
remained stable during PO1 (Fig 1). The pH was partially 
corrected by the time the patient reached the ICU and com- 
pletely corrected within 8 hours (Fig 2). Body temperature 
was the slowest measured variable to return to normal, re- 
quiring 16 hours (Fig 3). The PTr and PTTr were also correct- 
ed within 8 hours of treatment in the ICU (Fig 4). Once each of 
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PTr and PTTr 
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Fig 4.—Improvement in prolonged prothrombin time ratio (PTr) and 
partial thromboplastin time ratio (PTTr) (ratio of patient to control) after 
placement of packs. The operating room values are the average of the 
lowest measured PTr and PTTr during the initial operative procedure 
(OR1). Hour 0 is the first measured value on arrival in the intensive 
care unit. 






Postoperative Period* 
PO1 PO2 
(Mean + SEM) (Mean + SEM) P 
Blood, U 5+0.5 1+0.5 <.05 
FFP, U 8+1 2+1 <.01 





*PO1 indicates initial postoperative period; PO2, initial 24 hours following 
pack removal. 


these factors was stabilized, it remained at this level through- 
out PO1. 

Abdominal drainage volume during each postoperative pe- 
riod is shown in Table 3. There was significantly more drain- 
age during PO1, and this increased drainage required a signif- 
icantly larger number of blood transfusions. The total volume 
of drainage during PO1 was compared with the volume during 
the first 24 hours of this period, demonstrating that the 
majority of the drainage occurred during the initial 24 hours 
(72% + T%). 

Although no patient died of hemorrhage, a large variety of 
complications occurred in the postoperative period. Two pa- 
tients died of a combination of sepsis, intra-abdominal ab- 
scess, and multiple organ failure. Three of the patients with 
intra-abdominal abscess also had segments of necrotic liver, 
which required further débridement. The fourth abscess oc- 
curred in the patient with pelvic bleeding, in whom a previ- 
ously repaired common iliac artery became infected, rup- 
tured, and subsequently contributed to overwhelming 
myofascitis. Although no patient had a colon injury at initial 
exploration, both patents who died developed ischemic colons 
at intervals of 1 and 3 weeks following surgery. The patients 
with acalculus cholecystitis and biliary fistula required reex- 
ploration for definitive therapy. 

Multiple factor analysis was performed on the data to deter- 
mine if there were any common factors in patients who died or 
developed intra-abdominal infections. Although the numbers 
are small, the results of this analysis suggest that a lower 
intraoperative temperature (P<.01) or lower hematocrit val- 
ue (P<.05) are prognostic indicators of mortality. The only 
common factor in patients who developed intra-abdominal 
abscess was the large volume of drainage during PO1 (Table 


3). 
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Fig 5.—Vicious cycle that can develop in patients with massive liver 
injury. Placement of packs tamponades low pressure and nondiscrete 
bleeding, thus helping to break the cycle. 





COMMENT 


For centuries, hemorrhage has been recognized as the 
leading cause of death following massive injuries to the liver. 
During the latter part of the 19th century, a variety of modal- 
ities were described to achieve hemostasis for liver injuries. ’ 
Of these, the use of intra-abdominal packs emerged as the 
best method and remained so until World War II. During 
these times, however, the use of packs was accompanied by a 
high risk of infection and associated mortality. The work of 
Madding et alf brought an end to the use of intra-abdominal 
packs. Their work showed a lower morbidity and mortality if 
resectional débridement of devitalized tissue and drainage 
was used. The results of their work condemned the use of 
intra-abdominal packs for the next two decades. 

In the 1970s, Lucas and Ledgerwood’ and Walt” brought a 
renewed interest in the use of packs for liver trauma. Their 
work illustrated that, in the patient with massive liver injury 
and persistent nondiscrete hemorrhage, the use of packs may 
control the bleeding and allow time for correction of metabolic 
and hematologic parameters. Although the risk of infection 
remains high, antibiotics are able to prevent much of the 
mortality that occurred in the early part of this century. In 
addition, recurrent hemorrhage, a feared complication fol- 
lowing removal of the packs, did not seem to occur. Several 
recent studies” have confirmed the findings of Lucas and 
Ledgerwood.’ 

After severe injury to the liver, the resulting massive blood 
loss results in hypotension that has been shown to be a con- 
tributing factor in the development of a coagulopathy.” Once 
a coagulopathy occurs, continued bleeding worsens the hypo- 
tension, thus setting up a vicious cycle. The surgeon’ re- 
sponse to break this cycle is the aggressive administration of 
fluids and blood products and the expedient control of all 
bleeding sites. However, the operative procedure and admin- 
istration of blood products often causes hypothermia, which 
further worsens the coagulopathy. In most instances, the 
surgeon is successful at breaking this cycle (Fig 5). However, 
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occasionally this cycle cannot be disrupted and subsequent 
diffuse, nondiscriminant bleeding is of such a magnitude as to 
contribute to the patient’s death. It is in these patients that 
the use of intra-abdominal packs is of most benefit. The 
placement of packs raises intra-abdominal and perihepatic 
pressure, causing tamponade of the low-pressure bleeding 
sites. Once this is achieved, hypotension, hypothermia, and 
coagulopathy can be corrected, breaking the cycle. 

Our data demonstrate that once the packs were placed, the 
hemodynamic values, coagluopathy, acidosis, and hypother- 
mia were quickly corrected. The hemodynamic values are 
corrected rapidly after tamponade has occurred as long as it is 
accompanied by aggressive fluid replacement. Seven of nine 
patients were normotensive before leaving the operating 
room. Since the time from placement of packs to the conclu- 
sion of the operative procedure usually involves abdominal 
closure and drain placement, we concluded that the hemody- 
namic stability is gained within 30 to 40 minutes of pack 
placement. Along with achieving hemodynamic stability at 
the end of the procedure, each patient’s hematocrit value also 
reached 0.30. Since this is our end point for transfusion in 
patients with no history of cardiac or pulmonary disease, most 
of the active bleeding appeared to have ceased by the end of 
the procedure.” 

Acidosis was partially corrected by the time each patient 
left the operating room. Complete correction required ap- 
proximately 2 additional hours. Acidosis was corrected in 
these patients by increasing their intravascular volume and 
not by the administration of sodium bicarbonate. 

Despite aggressive replacement, the coagulopathy still re- 
quired approximately 8 hours to correct. Hypothermia is 
known to prolong the PTr and PTTy, and when the curves of 
PTr and PTTr (Fig 4) are compared with the temperature 
curve (Fig 3), we can see that as the temperature becomes 
normal at 8 hours, so does the PTr and PTTr. Although 
bleeding times were not measured, we suspect that this was 
also prolonged because hypothermia induces a qualitative 
platelet dysfunction. The persistence of a coagulopathy until 
hypothermia was corrected is consistent with animal studies 
done by Valeri et al” in which bleeding times were compared 
in normothermic and hypothermic forelimbs of the baboon. 
Coagulopathy was persistent until hypothermia was correct- 
ed and secondary to a presumed inhibition of thromboxane A, 
by the hypothermia. Our findings also suggest that hypother- 
mia should be corrected aggressively by the administration of 
warm fluids and blood products and that large volumes of 
coagulation factors should be reserved until after the hypo- 
thermia has been corrected. 

Once packs are placed, they must be removed, although it is 
unclear how long they should remain in place. Several studies 
have reported pack placement from 12 hours to 7 days.**"*" 
The optimal time a patient should undergo reexploration for 
pack removal should be as early as possible after the correc- 
tion of hypothermia, coagulopathy, acidosis, and hypoten- 
sion. Our results show that this can be achieved within 18 
hours and that patients may be taken back to the operating 
room within 24 hours of pack placement. As there has been 
some concern that the packs may cause an increased incidence 
of intra-abdominal infection, it appears that early removal 
may be beneficial. 

Intra-abdominal infection has always been a concern with 
the placement of packs. The reported incidence has varied 
from 24% to 88%.** Our incidence of 33% (3/9) is consistent 
with this. It is interesting to note that, in this series as well as 
that of Ivatury et al,‘ most of the pathogens were enteric 
organisms. If the packs were the source of these infections, 
one might expect to see more gram-positive organisms. How- 
ever, the prevalence of gram-negative enteric organisms sug- 
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gests another source. Hypotension and shock have been 
shown to cause translocation of bacteria across the colonic 
mucosa so that these organisms can enter into the portal 
system." Shock also causes a breakdown in the hepatic reticu- 
loendothelial system, thus the hepatic Kupffer’s cells are 
unable to clear the organisms.” The combination of necrotic 
liver, extravasated blood and bile, and the presence of foreign 
material provides an excellent culture medium for these or- 
ganisms. This may explain why patients with larger volumes 
of drainage were more likely to develop infections. Perhaps 
earlier pack removal and careful débridement of all devital- 
ized tissue after pack removal may decrease this incidence. 

Although the numbers are small, our data may suggest that 
hypothermia and a low intra-operative hematocrit value are 
indicators of a poor prognosis. In a study of the effects of 
hypothermia on trauma patients, Luna et al” also found a 
similar correlation between survival and body temperature. 
However, our study concluded that although hypothermia 
will compound the physiologic effects of injury, it is the sever- 
ity of injury that is the more predictive determinant of patient 
survival. 

The onset of a coagulopathy following hepatic trauma 
marks a grave prognosis for the patient. Early recognition of 
this coagulopathy and treatment with packs until metabolic 
derangements can be corrected will not only decrease the use 
of blood products but may also decrease the incidence of death 
due to exsanguination from liver trauma. In addition, our 
experience, as well as that of others, suggests that packs may 
play a role in arresting other forms of nondiscrete intra- 
abdominal bleeding associated with a coagulopathy." 


This study was supported in part by grant GM-15426 from the National 
Institutes of Health, Bethesda, Md. 
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Clinical Note 





Venous Aneurysm 


An Unusual Upper-Extremity Mass 


Bruce A. Perler, MD 


è A venous aneurysm was diagnosed in an otherwise healthy 
39-year-old woman who presented with an arm mass. The clinical 
features of these exceedingly uncommon lesions are discussed. 

(Arch Surg. 1990;125:124) 


he differential diagnosis of a soft-tissue mass of an ex- 

tremity on which the general surgeon may be asked to 
operate includes a wide spectrum of benign and malignant 
lesions.’ Consistently absent from such consideration is an 
aneurysm of the venous system, an exceedingly uncommon 
lesion.* This report will describe the management of an upper- 
extremity venous aneurysm in a young woman, and highlight 
the essential features of these vascular curiosities. 


REPORT OF A CASE 


An otherwise healthy 39-year-old woman presented for evaluation 
of an enlarging right wrist mass. She first noticed the swelling 
approximately 8 years previously and related it, at least temporally, 
to an intravenous line placed into her wrist during childbirth. The 
mass remained fairly stable over the years until a few months prior to 
this presentation, when she reported that it rapidly enlarged and 
became uncomfortable, especially when her arm was dependent. 

Physical examination confirmed a nonpulsatile, nontender 
3.5 1.5-em soft fluctulant mass in the upper right wrist region. 
There was no thrill or bruit appreciated. There were no varicosities. 
Upper-extremity arterial pulses and venous Doppler examination 
yielded normal results. A right upper-extremity venogram con- 
firmed the diagnosis of a venous aneurysm (Figure). With the patient 
under local anesthesia, the lesion was excised after ligating the 
afferent and efferent veins. At surgery, the mass appeared to be a 
true aneurysm, and microscopic evaluation of the specimen was 
confirmatory. 


COMMENT 


Vascular aneurysms are traditionally associated with the 
arterial side of the circulation. Since intraluminal pressure is 
an important etiological factor in aneurysm development, the 
localization of such lesions to the systemic circulation is logi- 
eal. In fact, focal dilatation or aneurysm formation in the 
venous circulation in the absence of frank varicosities has 
been, to this point, a medical curiosity. To my knowledge, 
previous reviews have documented only 16 such lesions in the 
diverse sites including the superior vena cava, jugular, popli- 
teal, great saphenous, axillary, facial, portal, splenic, femo- 
ral, and intracranial veins.”™* 

The etiology of venous aneurysms is undefined. Trauma 
leading to the formation of false aneurysms may explain some 
cases. The patient in the present study related a history of an 
intravenous line placed at the site of subsequent aneurysm 
development; yet grossly and microscopically the lesion was 
more consistent with the diagnosis of a true venous aneu- 


Accepted for publication July 8, 1989. 

From the Department of Surgery, The Johns Hopkins Medical Institutions, 
Baltimore, Md. 

Reprint requests to the Department of Surgery, The Johns Hopkins Hospi- 
tal, 600 N Wolfe St, Baltimore, MD 21205 (Dr Perler). 
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rysm. In fact, a history of trauma has been obtained in several 
other cases, but it has appeared to be more coincidentally than 
causally related. Other potential etiologies, such as congeni- 
tal, inflammatory, or degenerative wall weakness, have been 
proposed.’ 

Although one case of a pulmonary embolism complicating a 
popliteal vein aneurysm has been reported,’ in most cases of 
peripheral venous aneurysms, such as this one, they are 
responsible for no more than local discomfort. If the general 
surgeon is aware of this entity in evaluating the upper-ex- 
tremity mass lesion, the diagnosis should be fairly obvious 
and can be easily confirmed with venography, and treatment 
can be safely accomplished by local excision. 
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Venous Aneurysm — Perler 


Venogram demonstrating aneurysm. 
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Professional Opportunities 


GENERAL VASCULAR SURGEON with vascular 


fellowship to join three surgeons in practice of 
general, vascular and thoracic surgery in southern 
New Jersey, close to Philadelphia and shore points. 
Benefits and salary leading to partnership opportun- 
ity. Send CV to: Box #903, c/o AOS. 


ORTHOPEDIC SURGEON for Oberlin, Ohio multi- 


specialty group to serve growing patient load. 
Northern Ohio college town serving drawing area 
275,000. Salary first year with full shareholder status 
available thereafter. Send CV to: Dr. VanDyke, 224 
West Lorain, Oberlin, OH 44074. 


PACIFIC NORTHWEST — Group Health Coopera- 


tive of Puget Sound, a 370,000-member prepaid 
group practice, currently has positions available for 
general and vascular surgeons. Referral only prac- 
tice in a multi-specialty organization. To inquire, 
write to: Manager of Medical Staff Personnel, 521 
Wall Street, Seattle, WA 98121. 


EASTERN MAINE — BC/BE solo general surgery 


position with cross coverage in rural community, 
forty minutes from educational and cultural center 
and major university. Affiliated with 44-bed com- 
munity hospital. Competitive net salary guarantee 
and benefit package. Enjoy Maine's pristine lakes 
and mountain vistas. Please send CV to: New 
England Health Search, 63 Forest Avenue, Orono, 


ME 04473; or call: (207) 866-5680 or (207) 866-5685. 


WANTED: Board-eligible or board-certified general 
surgeon with subspecialty in vascular surgery to 
join a three person surgical practice in upstate New 
York. Send CV to: Surgical Associates, P.C., 161 
Riverside Drive, Binghamton, NY 13905. 


BC/BE GENERAL SURGEON position available 


with a nine-physician, multi-specialty group prac- 
tice. Located in eastern Montana along the Yellow- 
stone River Valley. Excellent financial package plus 
all the advantages of a rural life style yet accessible 
to a large city’s attractions. Send CV to: Welsey 
Wills, Administrator, Garberson Clinic, 2200 Box 
Elder, Miles City, MT 59301. 


TUSKEGEE, ALABAMA: VA Medical Center has a 


vacancy for a pulmonologist. Must be a citizen or 
possess permanent immigrant visa. Must be board- 
certified or board-eligible. Excellent weather. Salary 
ranges from $75,000 to $91,000 depending on quali- 
fications and experience. Tuskegee VA Medical 
Center is an equal opportunity employer. Contact: 
Chief of Staff (205) 727-0550, Extension 3645. 


NORTH CAROLINA — BC general surgeon to 


replace retiring partner. Practice 20% orthopedics. 


60-bed modern hospital. Reply: Box #904, c/o AOS. 


PLASTIC SURGEON — BC/BE to join main branch 
of thirty-five physician multi-specialty group. Excel- 
lent clinic and hospital facilities. Very competitive 
salary and benefit package. Excellent opportunity. 
Good hunting, fishing. Good schools, a beautiful 
place to raise a family. Call Executive Administrator 
collect, (701) 857-0236. Or write: Medical Arts Clinic, 
P.C., P.O. Box 1489, Minot, ND 58702-1489. 


GENERAL SURGEON to join two university trained 
general surgeons in midwestern community of 
100,000. Busy practice with active involvement in 
level II trauma center, at modern, 400 plus bed hos- 
pital with many subspecialists. Available immediately 
or July 1990. Reply: Box #906, c/o AOS. 


SOUTHEAST UNITED STATES — Excellent oppor- 


tunities for board-certified or board-eligible sur- 
geons for solo and group practices. Send CV to: 
CPR Associates, P.O. Box 235005, Montgomery, AL 
36123-5005. 











Professional Opportunities 


BC/BE GENERAL SURGEON — CALIFORNIA. 
Exceptional private practice opportunity. Establish- 
ed practice (surgeon retiring); financial assistance 
and guaranteed income. New businesses are con- 
tributing to steady growth of service area which is 
now 90,000. 112-bed, full service hospital. Located 
in central California near Sequoia National Park, 
Tulare offers family environment, abundant and var- 
ied recreation, beautiful homes attractively priced. 
Good schools, restaurants and shopping. Easy 
access to California's major cities and attractions. 
Contact: Tulare District Hospital Physician Recruit- 
ing Office, Box 90112, Los Angeles, CA 90009. 
(213) 216-2687. 


GENERAL SURGEON needed for a 50-bed, com- 
munity hospital located in West Liberty, Kentucky. 
The hospital has an excellent operating suite along 
with modern equipment and trained staff. Excellent 
starting salary available with fringe benefits. Inde- 
pendent practice terms also available. Beautiful 
lakes, parks and recreational opportunities abound. 
Contact: Appalachian Regional! Healthcare, Atten- 
tion: Mr. Gary J. Smock, P.O. Box 8086, Lexington, 
KY 40533. (606) 281-2440 or (800) 888-7045. 


GENERAL SURGEON — Kaiser Permanente’s 
Kansas City Region is experiencing continuous 
membership growth and is seeking board-certified 
general surgeons. Our six medical offices are stra- 
tegically located throughout the city. Kaiser Perma- 
nente has enjoyed success since its inception in 
1942. We offer excellent salary and benefits, affilia- 
tion with two tertiary care facilities, family oriented 
metropolitan area, fully paid malpractice insurance, 
scheduled time off. Send CV or call: Larry V. 
McDonald, MD, 6900 Squibb Road, Suite 200, 
Shawnee Mission, KS 66202. (913) 384-9090. 


Trauma Director & 
Assistant Director of Surgery 


San Joaquin General Hospital, a university affil- 
iated teaching hospital, seeks a trauma surgeon to 
direct trauma program development. In addition, 
the individual would serve as Assistant Director of 
Surgery for the Surgery Residency Program. 
Applicants must be board-certified or board- 
eligible. Vascular surgery training or experience 
would be beneficial. Responsibilities include 
patient care, teaching surgical residents and 
administration. Excellent financial package. Send 
all inquiries and CV to: 


Nathan M. Matolo, MD 
Chairman, Department of Surgery 
SAN JOAQUIN GENERAL HOSPITAL 
P.O. Box 1020, Stockton, CA 95201 
(209) 468-6600 


CALIFORNIA COASTAL COMMUNITY — Multi- 
specialty group of 44 physicians has an opening for 
a general surgeon to join two surgeons in an 
expanding, busy, group practice. This opportunity 
is located in a moderate sized city with sunny 
beaches and excellent opportunities for outdoor 
activities, 25 miles south of Santa Barbara and 60 
miles north of Los Angeles. Compensation is com- 
petitive. Fringe benefits are excellent. Shareholder- 
ship possible after one year. For information, con- 
tact: Recruitment Director, 2705 Loma Vista Road, 
Ventura, CA 93003. 


WANTED ASAP: BC/BE orthopaedic surgeon. 83- 
bed JCAHO hospital, 35 miles west of Atlanta, 
Georgia. Contact: Ray Brees, Administrator, Pauld- 
ing Memorial Medical Center, 600 West Memorial 
Drive, Dallas, GA 30132. (404) 445-4411, Extension 
205. 
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DIRECTOR OF 
DEPARTMENT OF 
OTOLARYNGOLOGY 
ST. LUKE’S/ROOSEVELT 
HOSPITAL CENTER 
NEW YORK, NEW YORK 


St. Luke’s/Roosevelt Hospital Center, a 1,315 bed teaching 
hospital on Manhattan's West Side, affiliated with the Colum- 
bia University College of Physicians and Surgeons, invites 
nominations and applications for a Director of the Department 
of Otolaryngology. The Director is responsible for the clinical 
and academic programs and oversees any related research, at 
both the St. Luke’s and Roosevelt sites which together serve 
a catchment population of over 500,000, as well as a large referral 
base from well beyond this local community. 


White Mountain Surgical Specialists 


Rural 
Mountain Resort 
Practice 


BC/BE general surgeon to 
join busy general surgery 
practice in rural Arizona 
resort community. Beautiful 
White Mountains offer four 
season recreational 
opportunities. 


Practice includes broad 
spectrum of general surgery 
including critical care, 
trauma care and surgical 
endoscopy. 


Please send CV to: 
WHITE MOUNTAIN 
SURGICAL SPECIALISTS 
Attention: Office Manager 
Wagon Wheel Plaza 


Route 2, Box 1740 
Lakeside, AZ 85929 


The successful candidate must qualify as a senior faculty 
member at Columbia University with demonstrated clinical and 
academic achievement. Administrative and leadership skills will 
also be required in order to maintain and foster the department’s 
current accomplishments. 


Curricula vitae will be considered in strictest confidence. 


Gerard M. Turino, M.D. 
Chairman 
Search Committee for a Director of the 
Department of Otolaryngology 
St. Luke’s/Roosevelt Hospital Center 
114th Street and Amsterdam Avenue 
New York, New York 10025 


An Equal Opportunity Employer M/F 


ST LUKE’S\ROOSEVELT 
HospatalCenter 








lf your career goals are strictly private, 
consider the many private practice oppor- 
tunities available through Humana. We have 
over 80 hospitals in 20 states. Chances are 
we can help you find a community with a 
lifestyle that’s perfect for you. Consider 
these communities: 


© General Surgeons ® Otolaryngologists 

Bring your outstanding surgical skills to the Southern California Permanente Medical ger deve FL Enterprise, AL 
Group and experience the freedom to focus on patient work. Not paperwork. ve ie tate FL 

We are a multispecialty group practice — a partnership composed of and managed by ca da 
SCPMG physicians. p 

Opportunities exist for board eligible /certified Surgeons with a combined practice of yee a ie al ™ 
Peripheral Vascular and General Surgery. South Florida 

Consider the advantages: the finest equipment and latest technology; the availability of Dodge City, KS è Plastic Surgeons 
consultations with other physicians of distinction; and a broad network of exceptional Lebanon, TN Chattanooga, TN 
support personnel backed by excellent resources. Corpus Christi, TX 

Our compensation is competitive and benefits are outstanding. They include: Layton, UT è Urologists 
professional liability, medical and dental coverage, vacation and sick leave, continuing Greenbrier Valley, WV Central Florida 
education, life insurance and retirement plans. After two years of full-time employment, Louisa, KY 
physicians are eligible to be considered for partnership. è Orthopedic Surgeons Ville Platte, LA 

For a physician application, please call (800) 328-5278. If calling from outside of Alabama Abilene, TX 
California, please call (800) 541-7946 or send your curriculum vitae to: Physician Los Angeles Co., CA Beaumont, TX 


Central Florida 
Louisville, KY 
Nashville, TN area 
Houston, TX 


For more information about these and other 
private practice opportunities, send your 
CV to: Manager, Professional Relations, 
Humana Inc., Dept. OO-1, 500 West Main 
Street, Louisville, KY 40201-1438. Or call _ 
TOLL-FREE 1-800-626-1590. ee 


Recruitment, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. Corpus Christi, TX 


Equal Opportunity Employer M/ F/H 
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KAISER PERMANENTE 
Good People. Good Medicine. 
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__ Professional Opportunities 


EXCELLENT OPPORTUNITY FOR BC/BE general 
surgeon to establish solo practice in growing south- 
ern Connecticut community of 100,000. Coverage is 
available. Fully accredited community teaching 
hospital will assist in practice establishment and 
development. Replies: Box #908, c/o AOS. 





GENERAL SURGEON — BC/BE with specialty 


training to join a busy south Jersey, three-person 
surgical practice. Prefer surgeon with vascular, 
oncologic or colorectal specialty to round out 
sophisticated surgical group in community hospital 
easily accessible to Philadelphia and Jersey shore. 
Attractive terms. Send CV and references to: Box 
#907, c/o AOS. 


GENERAL SURGERY. Join this growing, progres- 


sive five-person group as the second general sur- 
geon. A lucrative practice encompassing a wide 
range of procedures. The location is a quality mid- 
western city, fifteen miles from one of the country’s 
top universities. Outstanding guarantee, paid relo- 
cation and full benefits program. For additional 
information, please call: Mike Stakebake at (800) 
776-5776. Or send CV to my attention at: Cejka and 
Co., 1034 South Brentwood Boulevard, Suite 1850, 
St. Louis, MO 63117. 


Practices Available 


SOUTHERN INDIANA — Solo general surgery 
practice for sale; cooperative coverage; modern 
120-bed hospital; growing community; gross 
$400,000 plus; office lease or buy; will introduce. 
Send CV: Box #905, c/o AOS. 


_ Medical Equipment/Supplies 
SURGICAL LOUPES (GALILEAN). 2.4X, 13.5” 


working distance. Like new, paid $800 new. Asking 
$550. (513) 729-3280. 








PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , C/o AOS, 





P.O. Box 1510, Clearwater, FL 34617. 


con 


KAISER PE 
Good People Good Medicine 


NORTH 
CAROLINA 


Kaiser Permanente has practice oppor- 
tunities available for BC/BE general 
surgeons in our Durham/Chapel Hill 
medical offices. 


Excellent salary and benefits include 
professional liability and medical cover- 
age, paid vacation and sick leave, holi- 
days, continuing education, retirement 
plan and shareholder opportunity. 


Direct letter of introduction and cur- 
riculum vitae to: 


Phyllis M. Kline 
Physician Recruitment 
Coordinator — ARS 


CAROLINA PERMANENTE 
MEDICAL GROUP, P.A. 
3120 Highwoods Boulevard 
Raleigh, NC 27604-1018 


or call: 


(800) 277-CPMG or 
(919) 878-5874 


Affirmative action/equal 
opportunity employer. 













































DEPARTMENT OF VETERANS AFFAIRS 
Chief, Surgical Service 


Edward Hines, Jr. Hospital at Hines, Illinois is a flagship hospital in the 
Department of Veterans Affairs, and surgery is one of its larger services. Hines is 
affiliated with Loyola Stritch School of Medicine. 

Hines was the first Deans Committee hospital in the VA, thus organized 
shortly after World War II. It has an enviable reputation in patient care, teaching 
and research. Strong integration has long existed between Hines and Loyola 
surgery services. 


The service includes anesthesiology, neurosurgery, ophthalmology, ortho- 
pedic surgery, otolaryngology, plastic surgery, peripheral vascular, podiatry, 
thoracic/cardiovascular, transplantation, urology, and two general surgical sec- 
tions. More than 4,000 operative procedures have been performed annually. We 
have nine active operating rooms. 


Inpatient bed services in the main VA hospital building, opened in 1970, are 
orthopedics, urology, general, eye/ENT, thoracic and peripheral vascular, SICU, 
neurosurgery and renal transplant. 


There is a full complement of ambulatory clinic and support services, includ- 
ing one general operating room, and full urologic endoscopy facilities. 


There has long been a strong surgical presence at Hines in the research and 
teaching arenas. Twenty-five members of the surgical service are currently active 
in research, they being responsible for ninety-three approved projects. 


We are searching for an academically oriented and experienced board- 
certified surgeon, one whose clinical surgical abilities are respected, a leader, one 
who can effectively cope with increasing administrative demands, and an individ- 
ual dedicated to continuing and enhancing the symbiotic relationship with Loyola. 


Contact: Chief of Staff 
William R. Best, MD 
at (312) 343-7200, Extension 2154 


EQUAL OPPORTUNITY EMPLOYER 





We Target 
The Physician You Want! 


The Archives of Surgery’s classified recruitment section will deliver your message to 
exactly your target audience — all general surgeons, orthopedic surgeons, urological 
surgeons, plastic surgeons — plus other surgical subspecialties. A total specialized physi- 
cian audience of over 67,000. 


Send us your order today. Just complete the coupon below and attach your typewritten 
copy. The next available issue is March which closes Thursday, January 25th. Act now to 
reach precisely the physician you need. 


wee eee - ---- ORDER FORM 


The classified rate is $1.60 per word for one issue. For three issues or more, the rate is $1.45 per 
word per issue. Minimum classified ad is 20 words. The classified display rate is $75 per column 
inch. For complete information see “Classified Information” on the first page of this section. 







Insert my ad times, beginning with the issue. 


Place my ad under the heading 


Enclosed is my check for $ 
of my advertising schedule. 


to cover full payment 


Institution 


Contact Person 






Address 







City : 





Telephone Number 






Authorized Signature 





Send all copy and payments to: 


Surgery 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 O Local (813) 443-7666 
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ALC OUISCTLY DUAIUS INCVICW CUULTSL 


Feb. 2-4, 1990 — San Antonio 


OBJECTIVES: 


è To increase knowledge of surgical principles and practice 
è To prepare candidates to take written and oral board exams 
è To provide a comprehensive review for recertification 


Mar. 9-11, 1990 — Los Angeles 


June 4-10, 1990 — St. Louis 
September 17-23, 1990 — Chicago 


Now, a special update for your recertification or written or oral exam 


METHODS: 


e HOME STUDY MATERIALS consisting of a syllabus of 
questions with assignments and answers 


è SEMINAR with projection slides and syllabus 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


Part I Course: June 4-10, 1990 — St. Louis 
Sept. 17-23, 1990 — Chicago 


BASIC SURGERY 
Anatomy 
Embryology 
Physiology 
Fluids and Electrolytes 
Acid-Base and Gases 
Metabolic Response 
Wound Healing 
Anesthesiology 
Shock 
Resuscitation 
Bleeding 
Transfusion 
Neoplasia 
Transplantation 
Trauma 
Burns 
Surgical Care 
Pre- and post-op 
Nutrition 
Patient Monitoring 
Infections 


GENERAL SURGERY 


Alimentary Tract 
Esophagus 
Stomac 
a 
Colon 
Rectum and Anus 


Endocrine 
Thyroid 
Parathyroid 
Pituit 
Adren 


Name 
Address 
City/State/Zip 
Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


Mail today to: 


1094 Dawn Lane, Dept. Al 


Abdomen 
Liver and Gallbladder 
Pancreas and Spleen 
Peritonitis 
Abdominal Abscess 
Abdominal Wall 
Retroperitoneum 
Abdominal Hernias 

Breast 

Skin 

Head and Neck 
Anatomy 
Tumors 
Trauma 


SPECIAL SURGERY 
Thoracic Surgery 
Chest Wall/Pleura 
Lung/Mediastinum 
Cardiac Surgery 
Congenital Heart 
Acquired Heart 
Vascular Surgery 
The Great Veins 
Peripheral Arteries 
Veins and Lymphatics 
Orthopedic Surgery 
Fractures 
Joint Disorders 
Amputations 
Hand Surgery 
Pediatric Surgery 
Urologic Surgery 
Gynecologic Surgery 
Neurosurgery 
Plastic Surgery 


Part II Courses 
Feb. 2-4 — San Antonio 
Mar. 9-11 — Los Angeles 
June 8-10 — St. Louis 
Sept. 7-9 — Hartford 
Oct. 26-28 — Columbus 
Dec. 7-9 — Seattle 


The Part II Course is 
designed to prepare board 
candidates for their oral 
exam. Board certified sur- 
geons may also find the 
clinical case approach to be 
a useful update. 


The course will consist 
mostly of mock oral exams, 
each based on a presenting 
problem leading to ques- 
tions on differential 
diagnosis, treatment op- 
tions, and complications. 
Following each exam the 
faculty will give a critique 
and answer questions. 


Each participant will have 
at least one turn being ex- 
amined and unlimited 
observation of other ex- 
aminations. Additional 
sessions and private ses- 
sions (i.e. no other 
participants observing) 
may be arranged for addi- 
tional fees. 


Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 


For: [] Part I: June 4-10 — St. Louis 
C] Part I: Sept. 17-23 — Chicago 
C] Part II Course: 


See ee BO BeBe eB BeBe eee eee eee eee eee eee ee eee eee ee eee ese eee eee eee eee eee 


——— m 
C] Check is enclosed for $_ _ 





city 


EEEE A EA 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The Part,I 
course is mostly lectures and evening 
mock oral exams to help you prepare for 
your written and oral or recertification 
exams. The Part II course is mostly mock 
orals exams for three days before and in 
the same city as each oral exam. The 
course hotel will be the best available 
combination of excellent study environ- 
ment and bargain rates. Our experience 
shows that patient negotiations yield the 
best value. We will inform participants as 
soon as the hotel contract is signed. 
Please await instructions before purchas- 
ing your travel tickets. 


" „and those little extras...."* 


` 


A 


LOWEST AIR FARES: Please call `Y 


toll-free 1-800-548-8185 and identify 
yourself with this Osler course for special 
group fares. 


"remarkably complete and pleasant "* 


PLACEMENT SERVICE: For a practice 
opportunity write or call 1-800-356-7537. 


"the most education for the money."* 


FEES AND COURSE HOURS: 
eSurgeon or Resident: Surg. Res. hrs. 
è Part I course: $720 $480 65 
e Part II course: $390 $260 25 


e Repeating course within 3 years: half price i 


e Add 10% within 10 days of the course. 

e Attendees not in course hotel add $11/day. 

è Fees do not include lodging or meals. 

e A deposit of $50 will reserve your position. 

e Most home study materials will be mailed 
after half of the registration fee is received. 


"home study material was extremely helpful."* 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 
eCancellation after mailing home study 
material requires retention of half the fee. 


" feel [the course] helped me pass the boards."* 


INFORMATION: 
Joseph H. Selliken Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


*Comments by panicipants of our courses 


+ 
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Count on 





due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 

EATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 

llowing infections when caused by susceptible strains of the designated organisms: 
tn tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 

Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 
kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by Staphylococcus aureus* (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species”). 
intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae"), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus.” 
“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgery, and gastrointestinal surgery). 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
ep A contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous yl geo reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to be a If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require eo and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 


ticularly colitis. 
INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
pel of alcoholic beverages following the administration of CEFOTAN. 
DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
lege pce PA , Fe 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. l 

As with other cephalosporins, high concentrations of cefotetan may interfere with measorement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the leve!s of 
creatinine reported. Cee.’ 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term stuñies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenicipolentialiot: > 
cefotetan was found in standard laboratory tests. St, eae 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 oi life (“hought to be 
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developmentally analogous to late childhood and de gph in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, particularly at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman 
PEDIATRIC USE: Safety and effectiveness in children have not been established 
ADVERSE REACTIONS 
In clinical studies, the following adverse effects were considered related to CEFOTAN therapy 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
aria direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
a reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 
Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of rena! function 


Weight (kg) x (140 - age) 


Males: >= SPARRO ONA CE A T TERTE 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that tor patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 R dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

w in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in t00 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10) 


Manufactured for 


STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 63985-01 





Cefotan 








arithmetic. 


more cost-effective 
than cefoxitin’? li 


less frequent dosing 
than cefoxitin” 4 


several times the half-life 
of cefoxitin’ 


single-dose prophylaxis/ 


MS twice-daily treatment 








References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 


to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 


Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetan disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference, ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (suppl), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmagosinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal og” ne 
Am J Surg 1988;155(SA):67-70 l oF 


Please see adjacent page for brief summary of prescribing è an. 


a 





Count on | 
CEFOTAN... 
(cefotetan disodium) 
wWwihwmuww. PEE 


© 1989 ICI Americac’ine > | 


Published by the American Medical Association: 


archives 


urgery 








EDITORIAL 


The Future of General Surgery — rs) Organ 
ed COMMENTARIES 
The Surgical Residency _— | Pories, Aslakson 
The Family History and Cancer Control Os j <r Lynch 
- PROGRAM OF THE SOCIETY OF SURGICAL ONCOLOGY —1989— PART | 
The Fede of Surgical Oncology ata Crossroads Cady 
Whither the Solid Tumors Longmire 
Strategies Toward the Primary Prevention of Cancer Wynder 
Breast Biopsy for Calcifications in Nonpalpable Breast Lesions Franceschi, Crowe, 


_ Zollinger, Duchesneau, Shenk, Stefanek, Shuck 


The Use of Fine-Needle Aspirates of Breast Cancers to Evaluate Hormone-Receptor 
Status | Lundy, Lozowski, Sadri, Mishriki 


‘Improved Detection of Metastases to Bas ca Nodes and Estrogen Receptor 
Determination Schurman, Sharon, Goldschmidt, Scanlon 


Tumor-Associated Antigen Immune Complexes Ki: Wong, Xu, Gupta, Morton 


Patterns ofHuman Tumor-Infiltrating Lymphocytes in 120 Human Cancers Balch, 
Riley, Bae, Salmeron, Platsoucas, von Eschenbach, Itoh 


Metastatic Potential of Colon Carcinoma ae ~ Hoff, Irimura, Matsushita, 
Ay Ota, Cleary, Hakomori 


Occult Breast Cancer ME RE With One Metastases Baron, Moore, Kinne, 
5 Candela, Osborne, Petrek 


Changes Associated With Metastasis i in B16-F1 Melanoma Cells Surviving Heat 
Nathanson, Cerra, Hetzel, Zarbo, Crissman, Page, Anaya, Westrick 


_ Successful Combination Immunotherapy for the Generation In Vivo of Antitumor 


ris malty With Anti-CD3, Interleukin 2, and Tumor Necrosis Factor Yang, Fry, 


Grimm, Roth 
ORIGINAL ARTICLES 


Predictive Factors for Bactibilia in Acute Cholecystitis Thompson, Bennion, Doty, 
i Muller, Pitt- 
The “Plug Repair of 1402 Recurrent Inguinal Hernias Shulman, Amid, Lichtenstein 
| CLINICAL NOTES 
| TAN e Chylous Ascites -= Ablan, Littooy, Freeark 
$? d Complete Contents p 133 


ië 





UA A 


a 


February 1990 
Volume 125, Number 2 

















Once for prophylaxis. 
Once daily for cure. 








The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery,” provides 
effective prophylaxis against infection and is on board throughout 
the perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 gm given once a day, is the therapeutic dosage 

_ for the following: common postsurgical infections: respiratory 
tractor skin/skin structure infections due to Staphylococcus aureus, 
Klebsiella pneumoniae and Proteus mirabilis; urinary tract infections 
due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy and ease. ROCEPHIN: 1 gm once for prophylaxis, 
once daily for cure. 





Once-a-day 


Rocephin,, 


ceftriaxone sodium/ Roche 





As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 






389 by Hoffmann-La Roche Inc. * in contaminated or potentially contaminated Please see adjacent page for summary of product information. 
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ghts reserved. procedures (e.g., vaginal or abdominal 

k hysterectomy), and for patients in whom 

k infection at the operative site would present 
serious risk (e.g., coronary artery bypass 
graft [CABG] surgery). 


ROCEPHIN® (ceftriaxone sodium/Roche) 
Belore prescribing, please consult complete product information, a summary of which follows: 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the following infections when 
caused by susceptible organisms: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. co!) Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumonie 


UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 


BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci), E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 

SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (e.g., during coronary artery bypass 
surgery). 

Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlled trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated i^ > 
known allergy to the cephalosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE : 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 

After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate to 
severe Cases, consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 


Rarely, shadows suggesting sludge have been detected by sonograms of the gallbladder in 
asymptomatic and symptomatic patien®. This appears to be reversible on discontinuation of ther- 
apy. In a few symptomatic patients receiving higher than usual doses, who underwent surgery, 
sludge containing traces of ceftriaxone was recovered from surgical specimens. Discontinue ther- 
apy in patients who develop signs or symptoms suggestive of gallbladder disease; consider con- 
servative management. 


PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that of 
other cephalosporins. 

Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). Therefore, 
patients with renal failure normally require no adjustment in dosage when usual doses of Rocephin 
are administered, but concentrations of drug in the serum should be monitored periodically. If evi- 
dence of accumulation exists, dosage should be decreased accordingly. 


Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in pa- 
tients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not ex- 
ceed 2 gm daily without close monitoring of serum concentrations. 


Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or low vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
oben gg (10 mg weekly) may be necessary if the prothrombin time is prolonged before or during 
apy. 
Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
oag paikan: aa is essential. If superinfection occurs during therapy, appropriate measures 
t : 


Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 


Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 

Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to 
rats at daily doses up to 586 mg/kg/day, approximately 20 times the recommended clinical dose 
of 2 gm/day. 

PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 

There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. . 
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Nonteratogenic Effects: In rats, in the Segment | (fertility and general reproduction) and Segment I! 
(perinatal and postnatal) studies with intravenously administered ceftriaxone, no adverse effects were 
noted on various reproductive parameters during gestation and lactation, including postnatal! growth, 
functional behavior and reproductive ability of the offspring, at doses of 586 mg/kg/day or less. 
NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk. Caution 
should be exercised when Rocephin is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness of Rocephin in neonates, infants and children have been 
established for the dosages described in the Dosage and Administration section. /n vitro studies 
have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from serum albu- 
min. Rocephin should not be administered to hyperbilirubinemic neonates, especially prematures 
ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials, the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 

LOCAL REACTIONS—pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phlebitis after |. V. administration 

HYPERSENSITIViITY—rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 

HEMATOLOG/C—eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (2.1%). Less frequent- 
ly reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and prolon- 
gation of the prothrombin time. 

GASTROINTESTINAL—diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or 
vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). 

HEPATIC—elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 


GENITOURINARY —moniliasis or vaginitis were reported occa- 
sionally (less than 1%) 


MISCELLANEOUS—diaphoresis and flushing were reported oc- 
casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 lo 
2 gm given once a day (or in equally divided doses twice a day) 
depending on the type and severity of the infection. The total daily 
dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infections in children, other 
than meningitis, the recommended total daily dose is 50 to 75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared 
The usual duration is 4 to 14 days; in complicated infections longer 
therapy may be required 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be 
administered with or without a loading dose of 75 mg/kg. 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g.. dialysis pa- 
tients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg, 500 mg, 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers, as follows: 


1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added. 


m j 
in V-M 


2 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 


NOTE: Rocephin in the frozen state should not be stored above -20°C 
*Registered trademark of Abbott Laboratories, Inc. 


tManufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc., by Travenal Labo- 
ratories, Inc., Deerfield, Illinois 60015. i AA 
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Sterile meziocillin sodium 
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BRIEF SUMMARY 
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INDICATIONS AND USAGE 


MEZLIN® is indicated for the treatment of serious infections caused by susceptible strains of the designated 
microorganisms in the conditions listed below: 


LOWER RESPIRATORY TRACT INFECTIONS including pneumonia and lung abscess caused by Haemophilus 
influenzae, Klebsiella species including K. pneumoniae, Proteus mirabilis, Pseudomonas species including 
P. aeruginosa, E. coli, and Bacteroides species including B. fragilis. 


INTRA-ABDOMINAL INFECTIONS including acute cholecystitis, cholangitis, peritonitis, hepatic abscess and 
intra-abdominal abscess caused by susceptible E. coli, Proteus mirabilis, Klebsiella species, Pseudomonas 
species, S. faecalis (enterococcus), Bacteroides species, Peptococcus species, and Peptostreptococcus 
species. 


URINARY TRACT INFECTIONS caused by susceptible E. coli, Proteus mirabilis, the indole positive Proteus 
species, Morganella morganii; Klebsiella species, Enterobacter species, Serratia species, Pseudomonas 
species, S. faecalis (enterococcus). 


Uncomplicated gonorrhea due to susceptible Neisseria gonorrhoeae. 


GYNECOLOGICAL INFECTIONS including endometritis, pelvic cellulitis, and pelvic inflammatory disease 
associated with susceptible Neisseria gonorrhoeae, Peptococcus species, Peptostreptococcus species, Bac- 
teroides species, E. coli, Proteus mirabilis, Klebsiella species, and Enterobacter species. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by susceptible S. faecalis (enterococcus), E. coli, Proteus 
mirabilis, the indole positive Proteus species, Proteus vulgaris, and Providencia rettgeri, Klebsiella species, 
Enterobacter species, Pseudomonas species, Peptococcus species, and Bacteroides species. 


SEPTICEMIA including bacteremia caused by susceptible E. coli, Klebsiella species, Enterobacter species, 
Pseudomonas species, Bacteroides species, and Peptococcus species. 


CONTRAINDICATIONS l l i 
MEZLIN is contraindicated in patients with a history of hypersensitivity reactions to any of the penicillins. 


WARNINGS 

Serious and occasionally fatal hypersensitivity (anaphylactic) reactions have occurred in patients receiving a 
penicillin. These reactions are more apt to occur in individuals with a history of sensitivity to multiple 
allergens. There have been reports of individuals with a history of penicillin hypersensitivity reactions who 
have experienced severe hypersensitivity reactions when treated with a cephalosporin. Before therapy with 
mezlocillin is instituted, careful inquiry should be made to determine whether the patient has had previous 
hypersensitivity reactions to penicillins, cephalosporins or other drugs. Antibiotics should be used with 
caution in any patient who has demonstrated some form of ahergy, particularly to drugs. 

If an allergic reaction occurs durin rater with meziocillin, the drug should be discontinued. SERIOUS 
ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY TREATMENT. EPINEPHRINE, OXYGEN, 
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PRECAUTIONS 

Although MEZLIN shares with other penicillins the low potential for toxicity, as with any potent duy, periodic 
assessment of organ system functions, including renal, hepatic and hematopoietic, is advisable during 
prolonged therapy. MEZLIN has been reported rarely to cause acute interstitial nephritis. í 

Bleeding manifestations have occurred in some patients receiving betalactam antibiotics. These reactions 

have been associated with abnormalities of coagulation tests, such as clotting time, platelet “sight ore and 

rothrombin time and are more likely to occur in patients with renal impairment. Although MEZLIN has rarely 
been associated with clinical bleeding, the possibility of this occurring should be kept in mind, particularly 
in patients with severe renal impairment receiving maximum doses of the drug. 

EZLIN has only rarely been reported to cause hypokalemia; however, the possibility of this occurring 
should also be kept in mind, particularly when treating patients with fluid and electrolyte imbalance. Periodic 
ay of serum potassium may be advisable in patients receiving prolonged therapy. y 

MEZLIN is a monosodium salt containing only 42.6 mg (1.85 mEq) of sodium per gram of mezlocillin. 
This should be considered when treating patients requiring restricted salt intake. 

_ As with any penicillin, an allergic reaction, including anaphylaxis, may occur during MEZLIN administra- 
tion, particularly in a hypersensitive individual. 

__ As with other antibiotics, prolonged use of MEZLIN may result in overgrowth of non-susceptible organ- 
isms. If this occurs, appropriate measures should be taken. 

Antimicrobials used in high doses for short periods to treat gonorrhea may mask or ay Sc symptoms 
of incubating syphilis. Therefore, prior to treatment, patients with gonorrhea should also be evaluated for 
syphilis. Specimens for dark field examination should be obtained from any suspected primary lesion and 
serologic tests should be performed. Patients treated with MEZLIN® should undergo follow-up serologic 
tests three months after therapy. 


interactions with Drugs and Laboratory Tests 
As with other penicillins, the mixing of meziocillin with an aminoglycoside in solutions for parenteral adminis- 
tration can result in substantial inactivation of the aminoglycoside. 

Probenecid interferes with the renal tubular secretion of meziocillin, thereby increasing serum concentra- 
tions and prolonging serum half-life of the antibiotic. 

High urine concentrations of meziocillin may produce false positive protein reactions (pseudoproteinurial) 
with the following methods: sulfosalicylic acid and boiling test, acetic acid test, biuret reaction, and nitric 
acid test. The bromphenol blue (Multi-stix®) reagent strip test has been reported to be reliable. 


Pregnancy Catego l í 

Reproduction studies have been performed in rats and mice at doses up to 2 times the human dose; and 
have revealed no evidence of ipene fertility or harm to the fetus, due to MEZLIN. There are however no 
adequate and well controlled studies in pregnant women. Because animal reproductive studies are not se 
predictive of human response, this drug should be used during pregnancy only if clearly needed. Meziocillin 
crosses the placenta and is found in low concentrations in cord blood and amniotic fluid. 


eee Mothers 
Meziocillin is detected in low concentrations in the milk of nursing mothers, therefore caution should be 
exercised when MEZLIN is administered to a nursing woman. 


ADVERSE REACTIONS 
As with other penicillins, the following adverse reactions may occur: 


ersensitivity reactions: skin rash, pruritus, urticaria, drug fever, acute interstitial nephritis and anaphy- 
lactic reactions. 


Gastrointestinal disturbances: abnormal taste sensation, nausea, vomiting and diarrhea. If diarrhea persists, 
pseudomembranous colitis should be considered. 


Hematologic and Lymphatic Systems: thrombocytopenia, leukopenia, neutropenia, eosinophilia, reduction 
of hemoglobin or hematocrit, positive Coombs’ test, and hypokalemia. 


Abnormalities of hepatic and renal function tests: elevation of serum aspartate aminotransferase (SGOT), 
serum alanine aminotransferase (SGPT), serum alkaline phosphatase, serum bilirubin. Elevation of serum 
Creatinine and/or BUN. 


Central nervous system: convulsive seizures or neuromuscular hyperirritability. 
Local reactions: thrombophiebitis with intravenous administration, pain with intramuscular injection. 
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nizatidine capsules 


Brief Summary. Consult the package literature for complete 
information. 

Indications and Usage: 1. Active duodenal ulcer—for up to eight weeks 
of treatment. Most patients heal within four weeks 

2. Maintenance therapy — for healed duodenal ulcer patients at a 
reduced dosage of 150 mg h.s. The consequences of therapy with Axid 
for longer than one year are not known 
Contraindication: Known hypersensitivity to the drug. Use with caution 
in patients with hypersensitivity to other Hy-receptor antagonists 
Precautions: General — 1. Symptomatic response to nizatidine therapy 
does not preciude the presence of gastric malignancy 

2. Dosage should be reduced in patients with moderate to severe 
renal insufficiency. 

3. In patients with normal renal function and uncomplicated hepatic 
dysfunction, the disposition of nizatidine is similar to that in normal 
subjects 

Laboratory Tests — False-positive tests for urobilinogen with 
Multistix® may occur during therapy 

Drug Interactions — No interactions have been observed with the- 
ophylline, chlordiazepoxide, lorazepam, lidocaine, phenytoin, or war- 
farin. Axid does not inhibit the cytochrome P-450 enzyme system 
therefore, drug interactions mediated by inhibition of hepatic metabo- 
lism are not expected to occur. In patients given very high doses (3,900 
mg) of aspirin daily, increased serum salicylate levels were seen when 
nizatidine, 150 mg b.i.d., was administered concurrently 

Carcinogenesis, Mutagenesis, Impairment of Fertility — A two-year 
oral carcinogenicity study in rats with doses as high as 500 mg/kg/day 
(about 80 times the recommended daily therapeutic dose) showed no 
evidence of a carcinogenic effect. There was a dose-related increase in 
the density of enterochromaffin-like (ECL) cells in the gastric oxyntic 
mucosa. In a two-year study in mice, there was no evidence of a car- 
cinogenic effect in male mice; although hyperplastic nodules of the liver 
were increased in the high-dose males as compared with placebo. 
Female mice given the high dose of Axid (2,000 mg/kg/day, about 330 
times the human dose) showed marginally statistically significant 
increases in hepatic carcinoma and hepatic nodular hyperplasia with no 
numerical increase seen in any of the other dose groups. The rate of 
hepatic carcinoma in the high-dose animals was within the historical 
contro! limits seen for the strain of mice used. The female mice were 
given a dose larger than the maximum tolerated dose, as indicated by 
excessive (30%) weight decrement as compared with concurrent con- 
trols and evidence of mild liver injury (transaminase elevations). The 
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References 


carcinogenic effect in rats, male mice, and female mice (given up to 360 
mg/kg/day, about 60 times the human dose), and a negative muta- 
genicity battery are not considered evidence of a carcinogenic potential 
for Axid 

Axid was not mutagenic in a battery of tests performed to evaluate its 
potential genetic toxicity, including bacterial mutation tests, 
unscheduled DNA synthesis, sister chromatid exchange, mouse lym- 
phoma assay, chromosome aberration tests, and a micronucleus test 

In a two-generation, perinatal and postnatal fertility study in rats, 
doses of nizatidine up to 650 mg/kg/day produced no adverse effects on 
the reproductive performance of parental animals or their progeny 

Pregnancy — Teratogenic Effects — Pregnancy Category C — Oral 
reproduction studies in rats at doses up to 300 times the human dose 
and in Dutch Belted rabbits at doses up to 55 times the human dose 
revealed no evidence of impaired fertility or teratogenic effect; but, at a 
dose equivalent to 300 times the human dose, treated rabbits had abor- 
tions, decreased number of live fetuses, and depressed fetal weights. On 
intravenous administration to pregnant New Zealand White rabbits, 
nizatidine at 20 mg/kg produced cardiac enlargement, coarctation of 
the aortic arch, and cutaneous edema in one fetus and at 50 mg/kg it 
produced ventricular anomaly, distended abdomen, spina bifida, hydro- 
cephaly, and enlarged heart in one fetus. There are, however, no ade- 
quate and well-controlled studies in pregnant women. It is also not 
known whether nizatidine can cause fetal harm when administered to a 
pregnant woman or can affect reproduction capacity. Nizatidine should 
be used during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus 

Nursing Mothers — Studies in lactating women have shown that 0.1% 
of an oral dose is secreted in human milk in proportion to plasma 
concentrations. Because of growth depression in pups reared by treated 
lactating rats, a decision should be made whether to discontinue nurs- 
ing or the drug, taking into account the importance of the drug to the 
mother 

Pediatric Use — Satety and effectiveness in children have not been 
established 

Use in Elderly Patients — Healing rates in elderly patients were similar 
to those in younger age groups as were the rates of adverse events and 
laboratory test abnormalities. Age alone may not be an important factor 
in the disposition of nizatidine. Elderly patients may have reduced renal 
function 
Adverse Reactions: Clinical trials of varying durations included almost 
5,000 patients. Among the more common adverse events in domestic 
placebo-controlled trials of over 1,900 nizatidine patients and over 1,300 
on placebo, sweating (1% vs 0.2%), urticaria (0.5% vs <0.01%), and 
somnolence (2.4% vs 1.3%) were significantly more common with 
nizatidine It wac not nnscihle tn determine whether a variety of less 
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metabolizing enzyme system. 
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w Heals duodenal ulcer 
rapidly and effectively*° 


mw Dosage for adults with active 
duodenal ulcer is 300 mg once nightly 
(150 mg b.1.d. is also available) 


1. USP DI Update, September/October 1988, p 120 
2. Br J Clin Pharmacol 1985;20:710-71 

y Research Laboratones 

4. Scand J Gastroenterol 1987;22(supp! 136):61-70 
Am J Gastroenterol 1989;84:769-774 


Hepatic — Hepatocellular injury (elevated liver enzyme 1 
alkaline phosphatase) possibly or probably related to ni 
occurred in somè patients. In some cases, there was marked e 
(>500 IU/L) in SGOT or SGPT and a single instance, SG 

-2,000 IU/L. The incidence of elevated liver enzymes overall an 
tions of up to three times the upper limit of normal, however 
significantly differ from that in placebo patients. All abnormaliti 
reversible after discontinuation of Axid 

Cardiovascular — In clinical pharmacology studies, short epis 
asymptomatic ventricular tachycardia occurred in two ind 
administered Axid and in three untreated subject 

CNS — Rare cases of reversible mental confusion have been re 

Endocrine — Clinical pharmacology studies and controlled 
trials showed no evidence of antiandrogenic activity due to nu 
Impotence and decreased libido were reported with equal frequ 
patients on nizatidine and those on placebo. Gynecomastia h 
reported rarely 

Hematologic — Fatal thrombocytopenia was reported in a 
treated with nizatidine and another Ho-receptor antagonist This 
had previously experienced thrombocytopenia while taking othe 
Rare cases of thrombocytopenic purpura have been reported 

Integumental — Sweating and urticaria were reported sign 
more frequently in nizatidine- than in placebo-treated patients. R 
exfoliative dermatitis were also reported 

Hypersensitivity — As with other Hy-receptor antagonists, ra 
of anaphylaxis following nizatidine administration have been re 
Because cross-sensitivity among this ret has been observ 
receptor antagonists should not be administered to those with a 
of hypersensitivity to these agents. Rare episo ydes of aypara e 
reactions (eg, bronchospasm, laryngeal edema, rash, and eosin 
have been reported 

panikai he sag aega ated with gout or nephrolithii 
reported. Eosinophilia, fever, and nausea related to nizatidine t 
reported 
Overdosage: Overdoses of Axid have been reported rarely. Ift ove 
occurs, activated charcoal, emesis, or lavage should be cor 
along with clinical monitoring and supportive therapy. Renal d 
four to six hours increased plasma clearance by approxit nateh y 
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Eli Lilly and Company 
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Because it’s easy to use Safe and economical 

j Manageable—as i in pliable, soft, and malleable, Tensile strength is maintained when wet, so it's 
either wet or dry. Helistat® is easily wrapped easily and safely manipulated and positioned. 
or packed to conform closely to the surfaces of Again, the Micromesh matrix tightly binds the 
the bleeding site. Even suture it in place. collagen fibers, so there’s minimal dispersal 
Or place the pure collagen, sponge-textured in the operative site.? 
pad directly on multiple bleeding sites. It Helistat collagen purity minimizes immunore- 
removes easily—intact—without shedding, active response. In sensitivity evaluations, no 
fragmenting, or causing rebleeding. agglutination was observed.? In situ, Helistat is 

designed to be totally absorbable.* 

ca STAT performance => To La Conveniently packaged in three unit-of-use 
Collagen triggers platelet aggregation,’ effec- sizes—1” x 2”, 3” x 4", and 9” x 10"—Helistat 

. tively controlling capillary and diffuse bleeding. offers cutting edge technology proven in 


m And because of its unique hundreds of fully documented clinical cases. 
ae Micromesh" Collagen Matrix, To order Helistat, contact your local drug 
eg Helistat quickly precipitates wholesaler. 
‘a@ the platelet cascade, forming 
Fees Stable, dense clots. Topical 
application effectively controls 
piecing usually within two to five minutes. 
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ABSORBABLE COLLAGEN HEMOSTATIC SPONGE 





DESCRIPTION 

HELISTAT® Absorbable Collagen Hemostatic Sponge is a soft, white, pliable, nonfriable absorbent sponge. Because 
of its nonfriable coherent sponge structure, the application of HELISTAT® hemostatic sponge to the site where 
hemostasis is desired is easily controlled. Unwanted dispersal over the operative site is not encountered. 

The basic material from which the HELISTAT® hemostatic sponge is fabricated is collagen obtained from the bovine 
deep flexor (Achilles) tendon. The tendon is considered to be one of the purest sources for collagen that can be 
readily obtained and processed in commercial amounts. HELISTAT® hemostatic sponge, being derived from this 
tendon, is expected to be a very consistent material. 

Because of the initial purity of the collagen source and the further purification effected through several purification 
steps during the processing of the HELISTAT® hemostatic sponge, uniform behavior from this topical hemostat from 
one application to the next is to be expected. 


HELISTAT® hemostatic sponge is indicated in surgical procedures (other than in neurological, ophthalmological, and 

urological surgery) as an adjunct to hemostasis when control of bleeding by ligature or conventional procedures is 

inefficient or impractical. 

INFORMATION FOR USE 

On contact with blood, collagen is known to cause aggregation of platelets. Platelets deposit in large numbers on the 

collagen structure, degranulate, and release coagulation, factors that, together with plasma factors, enable the 

formation of fibrin. The spongy structure of HELISTAT® hemostatic sponge provides for the additional strengthening 

of the clot. 

Topical application of HELISTAT® hemostatic sponge controls bleeding usually within two to five minutes when 

applied directly to the bleeding site. It can be applied directly to the bleeding site and should not be inadvertently 

dispersed over areas of the open body cavity. Long-term effects of leaving HELISTAT® hemostatic sponge in situ are 
unknown, 


HELISTAT® hemostatic sponge is designed to be totally absorbable if left in situ after hemostasis. If desired, 
recovery of the sponge after hemostasis is easily accomplished. Implant studies in animals have demonstrated 
HELISTAT® hemostatic sponge to be absorbed with tissue reaction similar to that observed with other absorbable 
hemostatic agents. 
HELISTAT® hemostatic sponge absorption was evaluated after subcutaneous and intrahepatic implantation in rats. 
In one out of five animals, complete subcutaneous absorption was observed by day 14, and by day 56, three out of 
four animals had complete absorption. Complete intraperitoneal absorption was not observed by day 56. As shown 
ith other hemostatic agents, the implantation of HELISTAT® hemostatic sponge also elicits a similar foreign body 


reaction. 

HELISTAT® hemostatic sponge had been evaluated in vitro for the enhancement of bacterial growth of 
aureus and Escherichia coli. The test showed that bacterial growth of Staphylococcus aureus and 

Escherichia coli was not enhanced by HELISTAT® hemostatic sponge. 

In vivo studies using guinea pigs showed that the incidence of infection (abscess) of incision sites inoculated with 

Staphylococcus aureus was not enhanced by the presence of HELISTAT® hemostatic sponge when compared to 

another collagen hemostatic agent. However, extent of wound infection tended to be greater than the control with 

both HELISTAT® hemostatic sponge and another collagen hemostatic agent tested. This tendency is observed with 

many foreign substances. 

HELISTAT® hemostatic sponge was evaluated for potential allergenic sensitivity. A guinea pig maximization study 

showed that the HELISTAT® hemostatic sponge did not produce irritation or contact sensitization. A chemical assay 

of HELISTAT® hemostatic sponge compared to one other collagen hemostat showed significantly less specific glyco- 

protein immunoreactive substances in HELISTAT® hemostatic sponge. A hemagglutination study was conducted 

evaluating the HELISTAT® hemostatic sponge as the antigen. There was no agglutination observed with HELISTAT® 

hemostatic sponge. 

PRECAUTIONS 

As with other hemostatic agents, it is not recommended that the HELISTAT® hemostatic sponge be left in an infected 

or contaminated space. Safety of this product has not been established in pregnant women. 

The HELISTAT® hemostatic sponge is not intended to be used in treating systemic coagulation disorders. 

Long-term effects of leaving HELISTAT® hemostatic sponge in situ presently are unknown. 


ADMINISTRATION 

The HELISTAT® hemostatic sponge should be applied directly to the bleeding surface with pressure applied. The 
period of time necessary to apply pressure will vary with the type and amount of bleeding to be controlled. In 
general, one to five minutes should be sufficient. It has been shown that hemostasis usually occurs within two to five 
minutes. The amount of sponge necessary to achieve hemostasis will depend on the nature and amount of bleeding 
to be controlled. The HELISTAT® hemostatic sponge may be left in situ whenever necessary. However, the surgeon 
should remove any excess of the HELISTAT® hemostatic sponge prior to wound closure. 

ADVERSE REACTIONS 

Adverse reactions reported with a microfibrillar collagen hemostatic agent that were possibly related to its use were 
adhesion formation, allergic reaction, foreign body reaction, and subgaleal seroma (report of a single case). The use 
of microfibrillar collagen in dental extraction sockets has been reported to increase the incidence of alveolalgia. 
Microfibrillar collagen has also been reported to cause interference with the healing of skin edges when used in the 
Closure of skin incisions and to reduce the strength of methyl methacrylate adhesive when used to attach prosthetic 
devices to bone surfaces. 

Since the HELISTAT® hemostatic sponge is a collagén-based product, adverse reactions experienced with the 
microfibrillar collagen hemostat may be related. 


HOW SUPPLIED 

Sterile HELISTAT® Absorbable Collagen Hemostatic Sponge is supplied in the following sizes: 

Product Size Quantity 

Number 

1174-198001 1 in x 2 in (2.5 cm x 5.0 cm) 10/box 
2 sq in (12.5 sq cm) 

1174-198002 3 in x 4 in (7.5 cm x 10.0 cm) 10/box 
12 sq in (75 sq cm) 

1174-198003 9 in x 10 in (23 cm x 25 cm) 5/box 
90 sq in (575 sq cm) 


Issued 12/88 
Available exclusively from and manufactured for: 


| | WOUND CARE DIVISION 


MARION 
Manufactured by Colla-Tec, Inc., a subsidiary of Marion Laboratories, Inc. 





LABORATORIES, INC. 
KANSAS CITY, MO 64137 


1. Larson PO: Topical hemostatic agents for dermatologic surgery. J Dermatol Surg Oncol 1988; 14(6): 623-632. 
2. Data on file, Marion Laboratories, Inc. 


WOUAA 196 1589E9 








PREVENTION 90 


April 19-22, 1990 
The Westin Peachtree Plaza 
Atlanta, Georgia 





ASSURING THE 
PUBLIC'S HEALTH 





Caen the challenges and 
prospects for “Assuring the 
Public’s Health” at the Seventh 
Annual National Preventive 
Medicine Meeting in Atlanta, 
Georgia. More than 200 experts 
will lead educational sessions 
on such topics as the future of 
public health, drug testing, 
educating and training public 
health professionals, worksite 
health screening, passive 
smoking, STD’s in men, care for 
the poor and uninsured, health 
problems in urban settings, 
environmental risks, and many 
more relevant issue§. 

Attend computer 
demonstrations plus workshops 
on sexual history-taking, 
electronic networking through 
BITNET, putting prevention into 
practice, and communicating 
with legislators. 

Take part in this exciting 
program. Earn over 25 CME 
credit hours. Contact the 
Meeting Manager at (202) 789- 
2928 for PREVENTION 90 
registration information. 
PREVENTION 90 


1030 15th Street, NW, Suite 410 
Washington, DC 20005 


4 


Ra 


Archives of Surgery 


EDITORIAL BOARD 
Claude H. Organ, Jr, MD Lazar J. Greenfield, MD 
Editor Ann Arbor, Mich 
Archives of Surgery 
University of California-Davis, East Bay Alden H. Harken, MD 
1411 E31stSt Denver, Colo 


Oakland, CA 94602 


Patrick L. Twomey, MD 
Associate Editor 
Martinez, Calif 


| 
Margaret M. Kosiba 
Editorial Assistant 
Oakland, Calif 


Charles M. Balch, MD 
Houston, Tex 


Clyde F. Barker, MD 
Philadelphia, Pa 


Robert W. Beart, Jr, MD 
Scottsdale, Ariz 


John F. Burke, MD 
Boston, Mass 


John L. Cameron, MD 
Baltimore, Md 


C. James Carrico, MD 
Seattle, Wash 


Robert E. Condon, MD 
Milwaukee, Wis 


Edward M. Copeland Ill, MD 
Gainesville, Fla 


William L. Donegan, MD 
Milwaukee, Wis 


Calvin B. Ernst, MD 
Detroit, Mich 


Robert J. Freeark, MD 
Maywood, III 


Donald S. Gann, MD 
Providence, RI 


Robert E. Hermann, MD 
Cleveland, Ohio 


Donald L. Kaminski, MD 
St Louis, Mo 


LaSalle D. Leffall, Jr, MD 
Washington, DC 


David L. Nahrwold, MD 
Chicago, Ill 


Basil A. Pruitt, Jr, MD 
San Antonio, Tex 


Mark C. Rogers, MD 
Baltimore, Md 


John L. Sawyers, MD 
Nashville, Tenn 


Richard L. Simmons, MD 
Pittsburgh, Pa 


Norman W. Thompson, MD 
Ann Arbor, Mich 


Ronald K. Tompkins, MD 
Los Angeles, Calif 


Donald D. Trunkey, MD 
Portland, Ore 


Alexander J. Walt, MD 
Detroit, Mich 


Lawrence W. Way, MD 
San Francisco, Calif 


Bernard Lytton, MD 
Consultant in Urology 


Arthur E. Baue, MD 
Senior Consulting Editor 


ee a A EE S S a a a 


PUBLICATION STAFF 
535 N Dearborn St, Chicago, IL 60610 


Michael D. Springer, Managing Editor and 
Director, AMA Specialty Journals 


Julie Foreman, Associate Editor 
Marlene M. Hinsch, Production Manager 


John R. Sayban, Mary C. Steermann, Assistant 
Production Managers 


Cheryl Iverson, Editorial Processing Manager 


Paula Glitman, Assistant Editorial Processing 
Manager 


Dennis J. Shipley, Permissions and Graphic 
Design Manager 


Electronic Coordinator: Mary Ellen McGrain 


Staff Assistants: Diane Darnell, Bonnie Van 
Cleven 


Copy Editing: Patricia A. Coleman (Supervisor), 
Vickey Golden (Free-lance Coordinator), Paul 
Frank (Senior Copy Editor), Philip Rogers, 
Janice Snider | 


Production Supervisors: Betty Frigerio (Advertis- 
ing), Thomas J. Handrigan (Illustrations), JoAnne 
Weiskopf (Layout) 


Proofreading: Teresa H. Omiotek, Jennifer 
Reiling, Barbara Wojtowicz 


Production Associate: Susan Price 


Art and Senior Production Assistants: Melinda 
Arcabos, Cari Biamonte, Laura Bleiler, Karen 
Branham, Cynthia Gelper, Jerri Hall-Gortowski, 
Anita Henderson, Debra Lucas, Susan L. 
Mcliwaine, Juliana K. Mills, Dorothy Patterson, 
E. Ruth White 


Production Assistants: Brenda Chandler, Sandra 
Sanders 


Manuscript Records: Lisa Hardin 
Administrative Assistant: A. Tara Wehnes 


Department of Scientific and Socioeconomic 
Indexing: Norman Frankel (Director), George 
Kruto, Susan McClelland, Mary Kay Tinerella 


Please address correspondence concerning 
accepted or published communications to: AMA 
Specialty Journals, 535 N. Dearborn St, Chicago, IL 
60610 


Monthly Circulation 
In Excess of 69,000 





JAMA Arnerican edical Association 


AJDC Sraa 





James H. Sammons, MD, Executive Vice-Presi- 
dent 


James S. Todd, MD, Senior Deputy Executive 
Vice-President 


Kenneth E. Monroe, Deputy Executive Vice- 
President 


Thomas F. Hannon, Acting Assistant Executive 
Vice-President 


M. Roy Schwarz, MD, Assistant Executive Vice- 
President 


George D. Lundberg, 
Scientific Information 


John T. Baker, Vice-President, Publishing 

Norman D. Richey, Director, Publication Produc- 
tion and Printing Division 

Lee A. Parent, Director, Circulation-Fulfillment 
Division 

Dennis Joseph Dennehy, Director, Advertising Sales 
and Promotion Services Division 
Thomas J. Carroll, Director, 
Advertising Communication 
Raymond Christian, Director, Advertising Serv- 
ices Department 


MD, Vice-President, 


Department of 


ADVERTISING OFFICES: Eastern: 600 Third Ave, 
Suite 3700, New York, NY 10016 (Manager: Robert 
C. Corcoran [212-867-6640]; Representative: 
Donald Blatherwick); Midwest/Farwest: 535 N 
Dearborn St, Chicago, IL 60610 (Manager: Thomas 
J. Carroll [312-280-7182]; Representatives: Jo- 
seph P. Gillis, Midwest; John P. Cahill, Farwest). 


141 






AT > THE GOAT nF NOT 
ORDERING KINETIC THE 


For the critically ill patient, immobility can mean Manual turning is difficult and not always 
atelectasis, pneumonia, deep-vein thromboses, effective. Complications can cause lengthene 
pulmonary emboli, or urinary calculi and UTIs. bed stays and excess costs. 


es Cae 
SES. 











No a 


© Extra ventilator G Extra ICU/ Extra O Extra respiratory Extra IV 


support days. CCU days. nursing care. 


therapy, pulmonary antibiotics and/ 
function, ABG charges. or analgesia. 


Kinetic Therapy = Cost-Effectiveness. 


Gentle, side-to-side rotation of the BioDyne™ 2. Reduce ventilator support an average 
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The Future of General Surgery 


There is nothing more difficult to take in hand, more 
perilous to conduct, or more uncertain in its success than 
to take the lead in the introduction of a new order of things. 
Because the innovator has for enemies all those who have 
done well under the old conditions, and lukewarm defend- 
ers in those who may do well under the new. 

| NiccoLo MACHIAVELLI 

| The Prince, Chapter VI 


he December 8, 1989, edition of JAMA includes a 

report on “The Future of General Surgery” by the 
Council on Long Range Planning and Development 
(CLRPD).' Chaired by Palma E. Formica, MD, this com- 
mittee outlines the current state of general surgery and 
the forces for change prevalent in the environment. The 
committee notes the challenges and positive indicators for 
the future of general surgery. This encouraging report on 
a widely debated subject will be an important reference 
document. The CLRPD communiqué is timely and outlines 
projections sharply different from those in articles appear- 
ing in recent years, such as “The Abominable Surgeon,” 
“General Surgery: An Endangered Species,” “Renaissance 
Surgery: No Longer,” “The Rise and Fall of General 
Surgery,” and “The American Board of Residual Surgery.” 
Surgeons, residents, educators, and hospital administra- 
tors are encouraged to review this report. 

Formica et al divided this study into three sections: the 
first section outlines the current practice environment, the 
second section offers projections of the future needs for 
and supply of general surgeons, and the final section offers 
recommendations to improve health care for the public and 
assists general surgeons in preparing for the future. 

Of the 519400 active physicians in the United States, 
129 200 (24.9%) represent all surgical specialties. General 
surgery, the largest specialty, constitutes 32 100 physicians, 
of whom 23200 (72%) have completed their residency 
training. In 1986, approximately 8900 physicians were in 
general surgery residency programs, according to the 
American Medical Association Masterfile, compared with 
18% of all active physicians in residency training. This 
difference exists because general surgery training is re- 
quired for admission to other surgical programs. Fewer 
than half of the general surgery residents are expected to 
become general surgeons. This report calls attention to a 
new American Board of Surgery examination, beginning 
in 1990, to be taken during residency training, which will 
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cover the basic surgical sciences. Passage of this examina- 
tion will be a requirement for entrance to the qualifying 
examination. 

The average retirement age of board-certified general 
surgeons has fallen below 65 years for the first time in 20 
years. Another comparative difference is gender composi- 
tion. In 1980, fewer than 4% of general surgeons were 
women, while 12% of all physicians that year were women. 
By 1986, the number of women in general surgery had 
increased to 6%, while 15% of all physicians were women. 
The CLRPD report notes that general surgery is becoming 
an increasingly popular career choice for women. However, 
female surgeons tend to spend less time in practice and 
see fewer patients than their male counterparts. Both men 
and women are deciding to devote less time to their 
practices than their older colleagues. 

Data from the American Medical Association’s Socioec- 
onomic Monitoring System Core Surveys (1983 to 1987) 
indicate that over 96% of general surgeons spent a majority 
of their time in patient care activities compared with 91% 
of physicians overall. Over half of the new patients seen by 
general surgeons were referred by other physicians. Gen- 
eral surgeons tend to work slightly more hours per week 
(60 vs 58 hours), spend more time in the hospital, devote 
more time to surgery, and, not surprisingly, spend less 
time in the office than physicians overall. 

Practice expenses in general surgery rose 36% from 1983 
through 1986 compared with 39% during this same time 
for all physicians. Professional liability insurance accounts 
for 19% of these expenses for surgeons compared with 11% 
for all physicians. General surgery premiums exceed those 
for all specialties except obstetrics and gynecology. The 
professional liability crisis may affect access to surgical 
care in some states by prompting general surgeons to 
retire early, change practice locations, or eliminate higher- 
risk procedures from their practice. As of 1986, more than 
half of US surgeons had been sued at least once during 
their careers, compared with 37% of the physician popula- 
tion overall. 

The income of general surgeons has increased at approx- 
imately the same rate as that of other physicians (16% and 
15%, respectively). The CLRPD report indicates that 
although the net income of general surgeons is higher than 
the net income of all physicians, the rate of increase in 
income between the two groups over the last several years 
has been comparable. 

Close attention is given to the impact of US population 
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changes on general surgery. The US Census Bureau pro- 
jects a 7% increase in the 1990s and less than a 6% increase 
during the first decade of the 21st Century. The aging 
population (75 years and older) utilizes the services of 
general surgeons at a higher rate than younger people. 
This utilization is projected to grow by 34% in the 1990s. 
The CLRPD report makes reference to three manpower 
reports: (1) the 1975 Study on Surgical Services for the 
United States (SOSSUS report),? which found no areas in 
the United States significantly undersupplied with sur- 
geons; (2) the 1980 Graduate Medical Education National 
Advisory Committee (GMENAC) study,’ which predicted 
a surplus of 11800 general surgeons; and (3) a 1988 
American Medical Association study‘ that projected gen- 
eral surgery as one of three specialties in which the future 
growth and utilization of their services is likely to 
exceed their growth and supply. This American Medical 
Association study projects a 6% increase in the number 
of general surgeons and a 16% to 19% increase in use of 
their services. 

Several factors affecting general surgery are alluded to 
in the CLRPD document: (1) Some surgical subspecialists 
perform general surgery if their surgical case loads decline. 
(2) The development of noninvasive therapies will redefine 
the scope and practice of general surgeons. (8) Advances 
in nonoperative treatments are increasing the level of 
competition between general surgeons and medical spe- 
cialties. (4) Advances in pharmacology have changed treat- 
ment regimens. (5) Technological advances will provide 
new opportunities for general surgeons. 

National health care expenditures have risen from 5.9% 
of the gross national product in 1965 to 11.1% in 1987. In 
1970, 37% of national health care expenditures were de- 
voted to hospital care; this rose to 44% in 1987. To contain 
these expenditures, utilization control procedures have 
been instituted to eliminate unnecessary operations, less 
costly outpatient treatments have been developed, and the 
anticipated impact of resource-based relative value studies 
is referenced. The federal government’s redefinition of 
graduate medical education reimbursement by Medicare is 
already affecting surgical education and may reduce the 
number of available fellowship positions. 

The future of general surgery is currently being dis- 
cussed in depth by the Residency Review Committee in 
Surgery, the American Board of Surgery, and the American 
College of Surgeons. These organizations constitute the 
quality control arm of American surgery. This continuing 
national debate reflects their concern. Strong statements 
in recent years have been issued by the American Board 
of Surgery, the American College of Surgeons, and the 
American Surgical Association addressing the erosion of 
general surgery. Fragmentation and specialization are the 
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predictable products of our own research and clinical 
successes. The impact of and need for certificates of special 
certification (or added qualifications) as well as additional 
fellowships will warrant continued monitoring. 

The contributions of general surgery to patient care, 
education, and research are legendary and well docu- 
mented. A sound basis can be established for the continued 
existence and expansion of general surgery. The CLRPD 
report addresses the multifactorial concerns that will affect 
quality. General surgeons are the physicians best equipped 
by training, experience, research, education, and commit- 
ment to manage surgical problems involving the total 
patient. The expertise and competence of general surgeons 
have been perennially recognized in the areas of wound 
healing, surgical metabolism, nutrition, cardiopulmonary 
resuscitation, inflammation, oncology, antimicrobial ther- 
apy, pharmacodynamics, fluid and electrolyte balance, 
multiple trauma, transplantation, intensive care manage- 
ment, and intervention skills. For over 100 years general 
surgery has been the trunk from which many surgical 
specialties have arisen. 

General surgery cannot rest on its laurels, nor will it be 
eternally protected by its historical contributions. General 
surgery as it presently exists has undergone numerous 
revisions. Advancements in surgical education and practice 
activities will inevitably result from ongoing dialogue. 
Precise clinical research that addresses unresolved: dis- 
eases and the use of modern technology will expand the 
skills of general surgeons inside and outside the operating 
room. The projected increase in the geriatric population 
offers general surgeons research and clinical opportunities. 
Age alone, at either end of the spectrum, should not be a 
contraindication for surgical intervention. Extension of the 
diagnostic and treatment skills of the general surgeon to 
the perioperative management of surgical patients will be 
good for the total care of the surgical patient. 

General surgery in recent years has experienced a poor 
recognition level. The JAMA report identifies the chal- 
lenges and offers solutions to improve recognition and 
utilization. 

CLAUDE H. ORGAN, Jr, MD 
Editor 
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The Surgical Residency 


The Job Description Does Not Fit the Job 


hen the job description no longer fits the job, it is time 

to reexamine the task and its purpose. The residency in 
general surgery is a good example. The description, as pre- 
sented in the booklet of information of the American Board of 
Surgery (ABS), no longer fits the job. 

The job, of course, is training “general surgeons” for the 
future, surgeons who can provide proficient care for patients 
with vascular disease, endocrine problems, cancer, and dis- 
eases of the alimentary tract and yet can be experts in trans- 
plantation, the management of trauma, and critical care. 

It is a big order. There may still be a few master surgeons 
who can do it all, but for most of us the times of the “compleat” 
general surgeon are gone. General surgery has become too 
complex, and all indications are that this complexity and 
sophistication will continue to increase. 

This expansion of general surgery and the consequent de- 
velopment of new surgical specialties has, predictably, com- 
plicated the education of surgical residents. There is far more 
to teach, there are increasing limitations of time and opportu- 
nity, and there is a growing concern about the expertise of the 
residents when they complete their programs. Accordingly, 
in an effort to guide program directors, the Association for 
Program Directors in Surgery has developed a curriculum 
that delineates the goals, objectives, content, and approaches 
for the residency in general surgery. 

The basic guideline of the curriculum development was that 
the document had to be in total agreement with the ABS 
booklet. The curriculumewas not designed to change the 
residency; its purpose was to provide a helpful manual to 
program directors to meet the requirements of the board and 
the Residency Review Committee. 

The design of the curriculum led to intensive study of the 
booklet and the realization that not only the booklet but also 
the design of the residency in surgery need review. This 
article presents the concerns that have been expressed to us 
and several ideas for general surgical training. We hasten to 
add, however, that the observations and suggestions are our 
own, that they are presented for discussion and challenge, 
and, finally, that they do not necessarily represent the official 
position of any individual or institution. We do not claim that 
the good ideas are our own; they are the result of many 
discussions with numerous surgeons. We will, however, ac- 
cept full blame for suggestions that turn out to be foolish and 
silly. 


THE JOB DESCRIPTION 


A review of the latest ABS requirements for general certifi- 
cation in surgery as published in the last booklet brings the 
problem into focus. 


Five Years Is Not Enough 


Five years of training, divided into 36 months of general 
surgery, 12 months of specialty surgery, and 12 months of 
research and electives, are now required. This amount of time 
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appears to be inadequate to produce a broadly qualified gen- 
eral surgeon with expertise in each of the required subspecial- 
ty areas. The increasing push for additional fellowships and 
certificates of special competence by the residents supports 
this impression. When the graduating student feels inade- 
quately prepared, the educational program needs review. 
The ABS should consider lengthening the residency in gener- 
al surgery to 6 years. 


A Basic Science Curriculum Is Needed 


The basic science requirements, listed in Table 1 under 
“The critical core of knowledge,” are well chosen and congru- 
ent with the needs of the general surgeon. The education in 
basic science, however, continues to present a difficult prob- 
lem for many community programs because each program 
director has to develop his or her own curriculum. The process 
will be helped considerably when a national curriculum with 
guidelines for teaching the basic sciences, perhaps supple- 
mented with an audiovisual library, becomes available. 


The Levels of Expected Competence 
Need to Be Redefined 


The board has defined three levels of mastery of general 
surgery and its allied fields (Table 1). The highest level of 
competence is expected in disciplines listed as “areas of pri- 
mary responsibility” (group A), a middle level is expected in 
the three disciplines listed under “significant preoperative, 
operative, and postoperative experience” (group B), and the 
lowest level is acquired for those classified under “under- 
standing the management of common problems” (group C). 

The weakness of the classification is its imprecise definition 
of the expected level of expertise. The original intent was 
probably that all finishing residents would be fully competent 
in the areas of primary responsibility; well trained in most 
problems in significant preoperative, operative, and postop- 
erative experience; and reasonably capable in understanding 
the management of common problems. The added explana- 
tion in the booklet supports this interpretation: “The Board 
expects that all surgeons certified in surgery will be qualified 


to practice. . . vascular surgery, pediatric surgery, and sur- 
gical critical care . . . if they so desire and demonstrate that 
capability.” 


These expectations, though realistic a decade ago, are no 
longer congruent with the surgical practice of today, even for 
the disciplines in the areas of primary responsibility (group 
A). For example, few general surgical residents graduating 
today can be considered fully competent in head and neck 
surgery. The awarding of certificates of special competence in 
vascular surgery and the consideration of additional certifica- 
tion for the management of trauma, the care of the critically 
ill, and surgical oncology attest to the perception of the inade- 
quacy of the current residency in general surgery. 

In significant preoperative, operative, and postoperative 
experience (group B) the disparity is even more obvious. Most 
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Table 1.—The Requirements of the 
American Board of Surgery 


The critical core of knowledge 


























Anatomy Nutrition 
Immunology Pathology 
Intensive care Physiology 
Metabolism Shock/resuscitation 
Neoplasia Wound healing 


The levels of expected competence 
Areas of primary responsibility (Group A) 
Abdomen and its contents 
Alimentary tract 
Breast, skin, and soft tissue 
Complete care of critically ill patients 
Comprehensive management of trauma 
Endocrine system 
Head and neck 
Vascular system 
Significant preoperative, operative, and postoperative 
experience (Group B) 
General thoracic surgery 
Pediatric surgery 
Plastic surgery 
Understanding the management of common problems (Group C) 
Administration of anesthetic agents 
Cardiac surgery 
Gynecologic surgery 
Neurologic surgery 


residents finishing general surgery this year will not be able 
to get hospital privileges in pediatric, plastic, and noncardiac 
thoracic surgery; it is unlikely that any will even apply. 

Similarly, the board’s expectations regarding training in 
understanding the management of common problems (group 
C) need better definition. If gynecology and anesthesia rota- 
tions are required, what should be the resident's experience, 
involvement, and level of responsibility during those 
rotations? 


There Are Significant Omissions 


The requirements of the board have not kept pace with the 
advances attained in surgery, and, though it is not stated, 
there is an implication that these advances are not within the 
discipline of general surgery. These omissions are listed in 
Table 2. The endoscopy requirements provide a good exam- 
ple. The board requires “capability” in proctosigmoidoscopy 
and choledochoscopy but only “experience” with the other 
endoscopic techniques. These levels of requirement give little 
support to the surgical program director who tries to develop 
a full gastrointestinal endoscopy service or who correctly 
claims that the general surgical resident caring for the criti- 
cally ill patient ought to be able to perform pulmonary toilet 
with a bronchoscope. 

A particularly serious omission is the failure to include 
transplantation as a required experience in a general surgical 
residency. There are other omissions. A resident in general 
surgery, the discipline that claims to care for the “whole” 
surgical patient, should have formal training during his or her 
early years in cardiology, infectious disease, and psychiatry 
as well as the other disciplines listed in Table 2. Furthermore, 
the new technologies, only partly listed in Table 2, should not, 
by default, go to other fields. A vascular surgeon should be 
competent in all technologies involving the vascular tree and 
should have full access to the institution’s technology. Final- 
ly, we need to teach our graduates to survive in an increasing- 
ly complex environment. Surgeons have, traditionally, been 
the leaders in our hospitals, universities, and communities; to 
maintain this leadership we need to teach our residents man- 
agement, medical economics, organizational skills, and the 
other listed entities. 
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Table 2.—Omissions in the Requirements of the Board 


Inadequate requirements for skills in endoscopy 
The board requires only “capability” for the following 
Proctosigmoidoscopy 
Choledochoscopy 
The board requires only “experience with” the following 
Laryngoscopy 
Bronchoscopy 
Esophagogastroduodenoscopy 
Colonoscopy 
Peritoneoscopy 
Failure to include new high-technology procedures 
Vascular imaging and intervention 
Endoscopic retrograde cholangiopancreatography with operative 
approaches 
Percutaneous and operative ultrasound 
Operative peritoneoscopy 
Microsurgery 
Surgery with laser technology 
Fine-needle aspiration 
Failure to include a major component of general surgery 
Transplantation 
Failure to include added training in associated disciplines 
Infectious disease 
Cardiology 
Psychiatry 
Metabolic disorders 
Oncology 
Industrial, military, and sports medicine 
Failure to include management skills and citizenship 
Practice management 
Medical economics 
Medical jurisprudence 
Ethics 
Facility design and function 
Administration of large organizations 
Teaching and research skills 
Leadership and the use of community resources 
Continuing cultural education 







































INTO THE FUTURE 


The need for change is evident. The problems are, howev- 
er, not as simple as they may seem; the solutions need to be 
approached thoughtfully and with due care. General surgery 
now needs a new definition in keeping with its expanded new 
challenges that also recognizes the continued need for a uni- 
fied and integrated discipline. We need to train general sur- 
geons who will be the ultimate experts in such fields as 
surgical oncology, vascular surgery, and transplantation; 
they should be capable of the continued adoption of the 
newest, most sophisticated technologies in our most ad- 
vanced medical centers. We also need to be certain that these 
same surgical residents, at the end of their training, will still 
be able to provide broad, compassionate surgical expertise for 
such institutions as the small rural hospitals in eastern North 
Carolina. 


A PROPOSAL FOR A NEW SURGICAL 
POSTGRADUATE CURRICULUM 


There are probably many approaches to the dilemmas fac- 
ing the residency in general surgery, but the most attractive 
appears to be the proposal for a curriculum with three re- 
quired 2-year segments and a fourth optional academic seg- 
ment, as shown in the Figure: years 1 and 2, a medical and 
surgical core; years 3 and 4, a general surgery core; years 5 
and 6, specialization in one or two general surgical specialties; 
and years 7 and 8, academic research, perhaps leading to a 
PhD degree in surgery (optional). 

Although scholarship should be required throughout the 6 
years of training, an additional 1 or 2 years of research should 
be available in each of the specialty areas in institutions that 
choose to train academic surgeons. 
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Transplantation 
Trauma. Critical Care 
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With this schedule, a new approach to surgical training, all residencies would take 6 years and would be 
based on an initial 2-year surgical and medical core. The general surgical specialties would then go on to a 
general surgical core for 2 years, followed by intensive specialization into one or two disciplines for the last 
2 years. The specialties of neurosurgery, orthopedic surgery, otolaryngology, and urology, which are less 
related to general surgery, would proceed with direct 4-year programs. Furthermore, this approach would 
encourage strong research efforts in each discipline by offering an additional 2 years leading to the award 
of a PhD degree for those wishing to pursue academic careers. 


The diagram, perhaps aptly, resembles a tattered flag with 
the body of surgery intact and each of its specialty ribbons 
free to wave and expand. Examinations to verify progress 
and stimulate optimum performance could be given following 
each segment: end of year 2, basic surgical examination; end 
of year 4, qualifying examination; end of year 6, certifying 
examination; and end of year 8, PhD degree in surgery. 

We believe that no surgeon should be certified, even for 
limited practice, before completing the full 6 years. Although 
we are not insensitive to the arguments that there is an 
expected shortage of general surgeons and that rural hospi- 
tals cannot support sophisticated surgical subspecialists, we 
are even more concerned that such a move would result in two 
classes of surgeons and would lead to poor care in those 
hospitals that can least afford such a deficit. 


HOW TO GET THERE 


The requirements and design for the current training for 
general surgeons need careful review by the ABS and Resi- 
dency Review Committee. The program, as described in the 
ABS guidelines for the training in general surgery, is no 
longer congruent with the development of surgery. 

The process will not be easy, and it will be time-consuming. 
Even so, the work must start now (1) to maintain the coher- 
ence of general surgery and (2) to prevent the further loss of 
the various components of the specialty to other disciplines. 

The new guidelines should maintain the same brief, con- 
cise, and well-accepted format of the current booklet, but 
they also need to be supported by a detailed and easily refer- 
enced curriculum. The curriculum is needed for three rea- 
sons: (1) Program directors need a source of guidance and 
suggestions; every program director should not have to de- 
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vise a 6-year course of study for his or her institution. (2) 
Various funding bodies have questioned the length of surgical 
training programs. Why should surgery take 2 or 3 years 
longer than the “cognitive” specialties? (3) There is a need for 
a clear set of standards to assess progress, to prepare for the 
examinations, and to serve as a reference for program direc- 
tors in litigation involving residents fired for “failing to meet 
standards.” 

If for no other reason, we need a curriculum to stand tall 
along with our sister professions. There is no other profes- 
sional course of study without a curriculum. Whether our 
training programs are 5 or 6 years in length, they are longer 
than those of any other profession; we need to be able to 
justify what we do with all those years, especially when our 
students work between 80 and 110 hours per week. 

There is some concern that a curriculum would make resi- 
dency training inflexible. Curricula do not cause rigidity; 
certifying bodies do. If the ABS and the Residency Review 
Committee emphasize flexibility, the program directors will 
be delighted with the newly acquired freedom in surgical 
education. 

It is time to proceed. The redesign of the surgical residency 
is a major challenge, and the world around us is changing 
quickly. We need to respond if our specialty is to survive and, 
more importantly, if we are to assure our citizens of continued 
excellence in surgical care. 


WALTER J. PORIES, MD 
HAZEL M. ASLAKSON, EDD 
Greenville, NC 


Read before the Winter Meeting of the Association of Program Directors in 
Surgery, Salt Lake City, Utah, February 17, 1989. 
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Invited Commentaries: Is General Surgery Dead? 


General surgery is far from dead and has never been more 
important than it is now. The general surgeon is the cornerstone 
of surgical therapy. The whole— general surgery —is greater than 
the sum of the specialty parts and “added qualifications.” The goal 
of general surgery training and education is to produce a surgeon 
who understands, in the broadest sense, the diseases included in 
the ABS booklet outline and who can provide first-line treatment 
for emergency and elective situations in these diseases, including 
critical care in the surgery intensive care unit. The general sur- 
geon is trained to take care of the sickest patients, ie, those with 
multiple-system injuries or hypovolemic shock (eg, from gastroin- 
testinal hemorrhage or ruptured abdominal aortic aneurysms), as 
well as patients with severe sepsis (eg, from the gastrointestinal 
or genitourinary tract). The general surgeon is often confronted 
with patients, often elderly, with the adult respiratory distress 
syndrome or with renal failure, and the surgeon must have first- 
hand experience with and must be able to establish priorities for 
the treatment of severely ill patients, with their associated cardi- 
ac, pulmonary, vascular, and gastrointestinal problems. The gen- 
eral surgeon must also develop technical skills. A surgeon who 
stops short of this experience in training and education in the 
postgraduate years is not competent to treat profoundly ill pa- 
tients and therefore must turn to others for help. 

After pursuing the dream of medicine for so many years, why 
should the surgeon stop short of the goal, when breadth of knowl- 
edge and experience make the general surgeon the best prepared 
for treating patients with multiple injuries and severe sepsis? If 
narrowing and subspecialization occur before maximum clinical 
experience and education, the surgeon becomes a mental eunuch 
capable only of carrying out technical chores outlined by hospital 
policy boards and others. General surgeons should be leaders; we 
do not want to become what the nonsurgeons say we are, ie, 
merely technically trained nonphysicians. 

The fact that general surgeons go into programs for special 
certification is not an indication of a lack of importance of general 
surgery or a lack of training or a feeling of inadequacy; rather, it is 
a response to competition in the marketplace. Specialization can 
also be an indication that some general surgeons wish to limit their 
practices to specific areas, decreasing the demands on them to 
keep up with knowledge in the broad areas required of the general 
surgeon. This does not indicate that the ideas and concepts of 
training in general surgery are at fault. 

De facto subspecialization has been with us forever; practice, 
experience, and demands affect each of us. For example, a general 
surgeon beginning practice in a large city may, by chance, see only 
patients with gastrointestinal problems and no patients with vas- 
cular problems. After a number of years, this surgeon should 
probably send a patient requiring an in situ femorotibial bypass to 
a colleague who does mainly vascular surgery, although both 
surgeons started out with the same basic training. However, the 
first surgeon should still be expected to treat a patient with a 
ruptured abdominal aortic aneurysm. This surgeon would take 
out a child’s appendix or treat a child for injuries yet would refer to 
a pediatric surgeon a patient with a tracheoesophageal fistula. 
After practicing for 20 years, a surgeon is likely to be better at a 
procedure done often than a graduate with a new “added qualifica- 
tion” certificate in that area. There has always been continuing 
“specialization”; a few surgeons have always acquired great ex- 
pertise in special areas of treatment. These circumstances do not 
alter the need to produce broadly trained general surgeons who 
can specialize further and who can understand and meet the 
surgical needs ofa trauma victim or a patient with a certain cancer 
or vascular problem. 

The experiment in trying to train general surgeons in 4 years 
failed nationally. The 5-year program seems to be producing good 
results. Six years would certainly provide more training and 
education opportunities, but is this necessary? How do we mea- 
sure the need for a certain number of years of training? Changes 
are already under way. The actual numbers of patients treated in 
the required categories are now being requested to certify compe- 
tency as a general surgeon. This is causing a marked change in 
the way general surgery residents must be trained. Not all pro- 
grams can supply experience and teaching in all areas. There- 
fore, rotations will be necessary to hospitals where in-depth 
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experience can be obtained in specific areas, for example, trauma, 
head and neck surgery, and gynecologic surgery. Community 
programs will become a part of a larger program; graduates will 
receive not only good basic science teaching, which now is espe- 
cially necessary with surgical critical care issues in the spotlight, 
but also experiences in trauma and other areas required by the 
ABS. Community programs may provide good experience in the 
practice of gastrointestinal or vascular surgery, but they may not 
be able to provide experience in all areas. 

If the creation of broadly trained, technically capable compre- 
hensive surgeons is abandoned, the result will be a group of 
progressively more narrowly trained specialists with limited un- 
derstanding of the needs of the whole patient, whose confidence 
and technical development will be, at best, delayed in maturation. 
The patient will lose the one person who understands and can offer 
the full range of minor to extensive combined medical and surgical 
therapies. Nonsurgeons, no matter how skilled in diagnosis, can- 
not understand what the surgeon can offer and accomplish in 
varied and innovative combinations of surgical procedures, with 
radiologic assistance for special circumstances. The timing of 
intervention can only be fully understood by the surgeon, whose 
training, education, and experience provide the best understand- 
ing of appropriate lifesaving therapy for the sick patient with 
unusual problems. What nonsurgeon could have planned and 
known how to devise the hemicorporectomy or duodenal/pancreas 
transplantation and also handle the complications? For the sake of 
tomorrow’s patients and for progress in research, we must not 
allow the prophecy of the demise of general surgery to come true. 


H. DAVID Root, MD 
San Antonio, Tex 


General surgery is not “dead.” General surgery without its 
subspecialty appendages is alive and well in cities of all sizes across 
our country, although, admittedly, more in rural environments 
than in urban ones. Cities attract subspecialists because they 
provide adequate numbers of patients for the subspecialist’s ter- 
tiary-care skills, counterpart medical specialists, and an opportu- 
nity for subspecialists to declare their domains off limits to ordi- 
nary general surgeons. 

Whereas specialization and increased competence are desirable 
for optimum patient care, the establishment of a fragmented 
domain that excludes the general surgeon is not. Inherent in the 
original concept of subspecialization was a need for tertiary levels 
of care in a particular component of general surgery. This implies 
that there are grades of expertise at the primary and secondary 
levels of care that should clearly be left in the domain of general 
surgery. An example may emphasize this point. Any general 
surgeon in a rural community needs to, and any surgeon in an 
urban environment ought to, care for children with acute appendi- 
citis, inguinal hernia, or pyloric stenosis or who are too sick to be 
moved to a tertiary-care center, whereas the definitive manage- 
ment of congenital deformities, such as tracheoesophageal fistu- 
las, omphalocele, and imperforate anus, should be transferred to 
the care of pediatric surgeons trained in tertiary care. 

The scope of training requirements for general surgery is recog- 
nized by the ABS and the Residency Review Committee through 
their specific requirements for individual certification and accept- 
able programs. I have no quarrel with designing a new curriculum, 
especially one that would restore some tertiary-care cases, such as 
Whipple’s operation, major liver resections, total gastrectomies, 
and radical lymph node dissections, to general surgeons. I believe 
this evolution is in progress. Good general surgeons are now being 
produced in 5-year programs who are going into practice and doing 
all those things general surgeons should be trained to do, as listed 
in the ABS booklet. Unfortunately, the lure of large cities and the 
competitive nature of practice in those environments have led 
many surgeons to believe it is absolutely essential to become a 
subspecialist. This pressure has caused the shortage of well- 
trained general surgeons that is currently being felt in both rural 
and urban communities across our country. 


J. B. AUST, MD 
San Antonio, Tex 
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+ The Family History and Cancer Control 


Hereditary Breast Cancer 


he most sorely neglected portion of a patient’s medical 

evaluation pertains to the family history of cancer of any 
type, including breast cancer. This is paradoxical—no one is 
at greater risk for breast cancer than a woman whose mother 
or sister had breast cancer (or another integrally associated 
hereditary syndrome cancer) and who is in the direct genetic 
lineage of a relative with hereditary breast cancer (HBC). 
The lifetime breast cancer risk for such a patient is 50%! 
Recognition of HBC, particularly when targeted surveil- 
lance/management programs are enforced for such high-risk 
patients, could be one of the most powerful and potentially 
cost-effective models for cancer control. Research on patients 
with HBC holds promise for the elucidation of etiology, bio- 
molecular markers of the cancer-susceptible genotype, and 
carcinogenesis. However, success in all of these ventures will 
necessarily be contingent on the meticulous compilation of the 
family history. 

This commentary on HBC in a surgical journal is particu- 
larly cogent when considering the historical fact that it was a 
surgeon, Paul Broca, MD, who first recognized the signifi- 
cance of HBC when his wife developed breast cancer.’ With 
his inquisitive mind, he pursued the occurrence of breast 
cancer in her mother and sisters and in her direct-line ances- 
tors through multiple generations. He also identified an inte- 
gral association of carcinoma of the gastrointestinal tract and 
thereby recorded the first account of the tumor heterogeneity 
of HBC. These observations were even more remarkable in 
that they preceded the worldwide recognition of Gregor Men- 
del’s genetic experiments on garden peas. 

Hereditary breast cancer is not rare. Of the approximately 
142 000 patients in the United States in 1989 who had carcino- 
ma of the breast,’ about 9% (12 860) of these patients had a 
cause of disease consistent with HBC. An additional 15% to 
20% of cases were familial.* 

What is meant by hereditary and familial? Are they syn- 
onyms? The answer is no! Do they both indicate an increased 
cancer risk? The answer is yes! Given the frequent misuse of 
these terms, I shall provide my own definitions. 

Hereditary breast cancer is operationally defined as a pat- 
tern of cancer distribution within a particular family that is 
consonant with Mendelian segregation of an autosomal domi- 
nant disease susceptibility gene.* This definition also em- 
braces the concept of tumor heterogeneity.*” It is therefore 
mandatory, in addition to the documentation of breast cancer, 
that cancer of other anatomic sites, such as the ovary in the 
breast/ovarian cancer syndrome’ or the wide assortment of 
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cancer types in the Sarcoma, Breast cancer, brain tumors, 
Lung and laryngeal cancer, leukemia, and Adrenal cortical 
carcinoma (SBLA) syndrome”? be carefully assessed. 

Hereditary breast cancer is also often characterized by a 
distinguishing natural history; namely, early age of breast 
cancer onset (average age about 40 to 45 years)”; an excess of 
bilaterality,* which occurs in 46% of patients by 20 years after 
the initial breast cancer”; and an apparently improved surviv- 
al rate.” Our research team is actively pursuing the possibili- 
ty that there may exist an HBC subset that is characterized 
by late age of breast cancer onset. 

Since HBC is inherited on one of the autosomal chromo- 
somes, unaffected men may transmit the deleterious gene to 
their daughters. Recognition of paternal transmission may be 
difficult and may require extending the pedigree not only to 
the sisters and mother of the putative male gene carrier but 
also to his grandparents, aunts, and cousins. 

Familial breast cancer, on the other hand, is operationally 
defined as two or more first-degree relatives with breast 
cancer in the absence of the above criteria of hereditary breast 
cancer. The etiology of familial breast cancer remains elusive. 
It may be due to polygenic or multifactorial events or to 
chance, or, in some circumstances, it could even be hereditary 
but remain unrecognized due to incomplete recording of fam- 
ily history, reduced gene penetrance, or variable expressivity 
of phenotype. Nevertheless, in the familial setting, the em- 
pirical risk for the occurrence of breast cancer in a first- 
degree relative of an individual affected by breast cancer is 
increased approximately threefold compared with the life- 
time risk for patients who have no familial background of 
breast cancer.‘ Thus, it is clear that siblings and progeny of 
patients with breast cancer who fulfill this operational defini- 
tion of familial breast cancer require careful surveillance. 

Until a biomarker of acceptable sensitivity and specificity 
for the deleterious HBC genotype is identified, one must rely 
on the overall pattern of cancer occurrence and distribution in 
the pedigree to establish an HBC diagnosis in paternal as well 
as maternal lineages. 

I consider HBC to differ strikingly from its sporadic coun- 
terpart. It logically follows that special attention must be 
given to surveillance and management strategies that are 
responsive to its natural history." With respect to surveil- 
lance, I recommend meticulous education of women at risk for 
HBC, with emphasis on their understanding of their genetic 
risk status and the natural history characteristics of HBC. 
This is initiated by their middle to late teens, at which time 
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they are also taught breast self-examination. Mammography 
is begun at age 25 years and is performed every other year 
until age 35 years and then annually thereafter. While it is 
more difficult to interpret a mammogram in the young, dense 
breast, this nevertheless can be accomplished in the majority 


of patients.’*” Ideally, a physician should examine the pa- » 


tient’s breasts twice per year. Attention must also be given to 
cancer screening of other organ sites, depending on the pa- 
tient’s family history of cancer, such as the ovary in the 
breast/ovarian cancer syndrome. Because of the intensity of 
this surveillance, a demonstration of empathy, compassion, 
and understanding by the physician will aid immensely in 
improving patient compliance. 

Should breast cancer in HBC be managed differently than 
its sporadic counterpart? This is a vexing question for which 
there is a dearth of scientific evidence. Thus, any recommen- 
dations at this juncture must be speculative. It nevertheless 
seems prudent to consider mastectomy the treatment of 
choice for initial breast cancer as opposed to partial mastecto- 
my with whole breast irradiation. In addition, I am concerned 
about the known multicentricity that characterizes virtually 
all forms of hereditary cancer, including breast cancer. 

Patients with HBC may also be at greater risk for radiation 
carcinogenesis. This inference is based on findings of in- 
creased radiation sensitivity in other hereditary predisposing 
disorders.” Augmentation mammoplasty should be discour- 
aged in patients at risk for HBC because it makes physician 
examination as well as mammographic interpretation more 
difficult.” 

Contralateral prophylactic mastectomy, because of the in- 
ordinately increased risk to the opposite breast,” must be 
considered for patients whose initial breast cancer is of low 
stage and for whom there is reasonable clinical evidence for 
long-term survival. In highly selected patients at risk for 
HBC, bilateral prophylactic mastectomy may be a viable 
option. Its indication would be strong for the patient who has 
required multiple breast biopsies and/or who may have patho- 
logic evidence of proliferative disease with atypia, since, with 
this condition, the breast cancer risk is increased ninefold 
when the family history is positive.” Other indications include 
patients whose breasts may be difficult to examine by both 
the patient and her physician, whose compliance may be poor, 
whose mammogram may be unusually difficult to interpret 
due to significant dysplasia, and who may have a severe 
cancer phobia. When considering bilateral prophylactic mas- 
tectomy, simple mastectomy is preferable to subcutaneous 
mastectomy.” Consultation with a cancer geneticist would be 
prudent in these circumstances. 

In conclusion, the surgeon must assume a leadership role in 
the identification of HBC and the development of manage- 
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ment strategies. I am convinced that this will improve cancer 
control among high-risk women. 


HENRY T. LYNCH, MD 
Omaha, Neb 


Dr Lynch is professor and chairman of the Department of Preventive Medi- 
cine and Public Health at Creighton University School of Medicine, Omaha, 
Neb. His investigative efforts are well known in this field. He is the author of 
several books, including Genetics and Breast Cancer. 7 
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am deeply honored by being elected president of the Soci- 

ety of Surgical Oncology. In my most extravagant dreams 
as a college and medical student or surgical resident, I never 
envisioned being so honored or rewarded. I fully recognize, as 
in so many careers, that I was lucky enough to be in the right 
place at the right time. Having taken 5 years to get through 
high school, I was lucky enough to have two teachers who 
pushed me ahead and into Amherst College. As a slightly 
better-than-average college student and without French or 
German courses usually required, I was lucky enough to make 
my selection of medicine as a career change from psychology 
late enough so that Cornell University did not see my organic 
grades before accepting me! My luck persisted, though some- 
times in obscure ways, by not being accepted at either my 
first or second choice of internship. I arrived at Boston City 
Hospital under the guidance of Gardner Childs at the Tufts 
University surgical program. Luck continued when, on re- 
turning from the Berry plan in the Navy and missing a Tufts 
reappointment because of a resident numbers crunch, the 
Harvard Surgical Service at Boston City Hospital welcomed 
me into their program soon to be headed by William McDer- 
mott. When finishing at Boston City Hospital, several of us, 
Gene McDonough, Harry Goldsmith, and Sterling Tignor, 
discussed the idea of training at Memorial Hospital and then 
returning to Boston City Hospital to develop a combined 
surgical cancer program. I was particularly attracted to the 
idea of bringing rational thought to surgical management of 
cancer, which I felt was notably absent at that time. As the 
Memorial Hospital traineeship finished, Neil Sedgwick from 
the Lahey Clinic approached me because of the clinic’s need 
for someone trained in cancer surgery to pick up the position 
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vacated by Elton Watkins, who had to give up operative work 
because of advancing arthritis. With the opportunity to oper- 
ate on, analyze, and describe the enormous clinical material at 
the Lahey Clinic, I was able to continue as a student of the 
clinical biology of human cancer, a field of such continued 
tragedy and challenge that it easily provides the intellectual 
interest, patient gratification, and personal pleasure to sup- 
port a career. I am still excited by a clinical week such as one 
this past April when, on successive days, I operated on a 
patient with difficult insulinoma of the left side of the uncinate 
process of the pancreas utilizing intraoperative ultrasound; a 
patient with a large adenoma of the ampulla of Vater that had 
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produced biliary and pancreatic obstruction, yet was amena- 
ble to local transduodenal resection with sphincteroplasty of 
both ducts; a 74-year-old woman with metastatic colon cancer 
by means of right hepatic resection; and two patients with 
breast cancer in an early stage that required careful local 
excisions. Forty-five minutes of discussion with each patient 
with breast cancer and her family to help her choose from the 
wide variations in therapeutic options is an important part of 
current surgical oncology and an interesting study in human 
dynamics, I like to think that all this is almost too much fun to 
be paid for! Willie Mays marveled that he could make such a 
good living at what was pure pleasure! For me, this is the case 
with surgical oncology—a field of wide practical knowledge 
and application that helps individual patients in their personal 
battles with fear and mortality. Patients with cancer provide 
the opportunity to work with the ultimate issues of life, and 
with empathy and trust, these encounters provide extraordi- 
nary personal experiences and relationships for surgeons. I 
am constantly in awe of the daily courage of patients dealing 
with these diseases. 

Before moving on to my view of the crossroads at which the 
Society of Surgical Oncology lies, I wish to honor by mention a 
few of my surgical mentors, as Brad Aust so beautifully did 
last year: Frank Glenn was chairman at Cornell University 
when I was a student and gave a glimpse of the discipline and 
precision of a Halsted-style residency. Gardner Child contin- 
ued this lesson, only in the jungles of Boston City Hospital 
rather than the manicured magnificence of New York Hospi- 
» tal. Bill McDermott, my later chief at Boston City Hospital 
and the New England Deaconess Hospital, demonstrated the 
political and intellectual skills, as well as the Irish love of 
language, that enabled him to thrive in the disparate worlds of 
Harvard University and the Boston City Hospital simulta- 
neously. Bill Rogers, a Memorial Hospital graduate, first 
encouraged me at Pondville Hospital to a career in cancer 
surgery, as did Ernie Daland, the grand old man of Massachu- 
setts surgical oncology. Henry Randall was an early inspira- 
tion in his concern for medical students, residents, and the 
training process, and his commitment to a scientific approach 
to physiology. The many surgeons at Memorial Hospital were 
instrumental in shaping my career and cancer interest; Jerry 
Urban, Willet Whitmore, Walt Lawrence, and George Pack, 
particularly, combined extraordinary knowledge and surgical 
precision and skill. Daniel Catlin at Memorial Hospital and 
Richard Overholt at the New England Deaconess Hospital 
were kind enough to encourage and support my first paper 
projects. Finally, Neil Sedgwick of the Lahey Clinic and Cliff 
Franceen at the New England Deaconess Hospital revealed 
that careful operative planning, combined with superb techni- 
cal skill, can lead to expeditious operations and surgery as 
pleasure in performance and teamwork. Of course, there are 
many others in this audience and elsewhere too numerous to 
mention who have knowingly or even unknowingly contrib- 
uted to my education and development. This particularly 
applies to the many residents I have had the pleasure (and 
sometimes pain!) of working with and from whom I continue 
to learn. To them all, I give thanks and appreciation. Dan Coit 
and Mike Stone, both graduates of our New England Deacon- 
ess Hospital surgical program, I had hoped to attract back to 
Boston. Dan was persuaded to stay in New York, but Mike is 
now my associate. They both represent the ideal young surgi- 
cal oncologist —thoughtful, analytical, technically adroit, and 
wonderful in dealing with patients. 

Needless to say, I especially owe a debt to my long-suffer- 
ing wife and children. Bets has tolerated, not always quietly, 
the long hours and the sometimes total preoccupation that 
surgery seems to elicit. 

Let me move on to my personal analysis of where the 
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Society of Surgical Oncology came from, where we are now, 
and where I feel we should go. I take personal responsibility 
for my suggestions that may provoke dismay and disapproval 
but I hope also debate; they grow out of my long contact with 
members of the Society of Surgical Oncology executive com- 
mittee as they have tried to plan the course of our Society and 
professional field. Next June it will be 50 years since a group 
of Memorial Hospital surgeons founded our society, first 
called the James Ewing Society. On a sad note, this year 
marked the death of Bill MacCoomb, one of those founders 
and three-time president of the Society of Surgical Oncology. 
A link to our past has been broken. Although beginning as an 
alumni society, farsighted leadership soon began encouraging 
membership for surgeons not trained at Memorial Hospital 
and then began meetings at locations other than Memorial 
Hospital. This initial upheaval in the society direction was 
nothing compared with the angst and turmoil that culminated 
in the 1975 annual meeting when the executive committee 
recommended and the membership approved the name 
change to the Society of Surgical Oncology. The prolonged 
prior debate and discussion, not all of it supportive needless to 
say, demonstrated the deliberate attempt of the farsighted 
leadership at that time to expand our influence broadly and 
project ourselves onto the national and even international 
scene. Ed Scanlon, the president at the time, really put this 
change together as a response to contrary internal pressures, 
but other key players who supported his efforts were Don 
Morton, Murray Copeland, Harvey Baker, Walt Lawrence, 
and Bill MacCoomb. Concerted and deliberate efforts were 
made to encourage basic and clinical science in our programs 
and rational debate in our meetings to make ourselves accept- 
able to the larger surgical community, particularly the aca- 
demic community. With this background and with these 
goals, our organization has succeeded enormously. Who 
would have thought even 10 years ago that almost all medical 
schools are now anxious to have sections of surgical oncology, 
and that patients now ask for consultations with surgical 
oncologists. 

In a sense, we are the victims of our own success at creating 
such a vital professional organization and field. For instance, 
we were only able to accept for this program in San Francisco 
46 of over 200 abstracts submitted, a mere 22%, because the 
Society of Surgical Oncology meeting has become a presti- 
gious and privileged forum for displaying professional 
achievements. We are now recognized as the premier organi- 
zation of professionals dealing with research in surgical treat- 
ment of cancer. We have served as a model for similar societ- 
ies in Europe, Asia, and South America. We have focused 
attention on a surgical subspecialty that increasingly attracts 
graduates of surgical programs who wish to work with more 
definition to their efforts but still keep the breadth and excite- 
ment of a wide-ranging surgical practice. We have made clear 
that the enormous complexity of cancer surgery, and manage- 
ment with colleagues in other disciplines, requires specialized 
training and knowledge. We have arrived at the point where 
we were knocking at the door of the American Board of 
Surgery for consideration of a separate designation recogniz- 
ing our special knowledge, skills, and responsibility in dealing 
with clinical problems, and intellectual and scientific chal- 
lenges in the field of cancer. 

We have also arrived at the point of meeting together with 
other premier organizations that deal with cancer: the Ameri- 
can Society of Clinical Oncology and the American Associa- 
tion for Cancer Research. We only lack the radiotherapeutic 
professional societies to make our spring festivals completely 
comprehensive, multidisciplinary, and interdisciplinary. We 
need to convince our radiotherapist friends to join in this long- 
term goal and create a “cancer week” of professional and 
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intellectual feasting in pursuit of a common goal. With suc- 
cess, however, comes responsibilities, and we will miss op- 
portunities and growth if we continue to do in the future only 
what we have done with increasing success in the past. 

The American Board of Surgery will turn down our request 
for specialty designation, but this provides an opportunity to 
analyze our future directions and exert more control of our 
destiny. While recognizing that many of the factors mitigat- 
ing against our attempt at formal recognition are political and 
competitive, we should nevertheless use this as opportunity 
and not regret. We recognize the need for the American 
Board of Surgery to keep the field of surgery as broad and 
intact as possible, and the dismay that has been created by 
some of the ways the special certifications have been used in a 
competitive world. Inability to achieve special status with 
official accreditation or certification, however, alerts us to the 
pitfalls of too narrow a view of our goals and at the same time 
allows us to define ourselves and control our own future more 
completely. | 

What are our professional strengths and how can we use 
them in the most comprehensive way to further the cause of 
the patient with cancer? How can we demonstrate to society 
and to our surgical brethren that our vision is broad as well as 
deep? How can we interact with our colleagues in other 
disciplines to convince them that we have more than a paro- 
chial interest in the patient with cancer. How can we harness 
the unique knowledge and talents of our members to address 
public policies and clinical and scientific debate with recogni- 
tion of the fact that our concern is the disease and its harsh 
consequences and not our narrow financial or territorial inter- 
est? We can only do so by defining ourselves more broadly. 
Our stated purpose in the society bylaws is, “to further the 
knowledge of cancer,” a rather spare description of where we 
have been and where we should go. I propose we deliberately 
redraw our self-described mission by adding phrases such as 
“and provide national leadership in the surgical community 
and the public so as to encourage the most competent policies 
in cancer management through prevention, detection, and 
efficient effective therapy in the surgical and multidisciplined 
care of the cancer patient.” We must act as leaders and define 
ourselves as leaders to be viewed as leaders. To be leaders, 
we must set standards of performance not only indirectly 
through publication of articles outlining the latest series of 
eases or educational efforts, but by drawing up standards of 
surgical performance and disseminating them to the wider 
surgical community. The American College of Surgeons has 
been reluctant to engage in standard setting in specific clinical 
areas because of their diverse constituencies, expense, fear of 
legal consequences, and reluctance to intrude. However, last 
summer the American College of Surgeons cosponsored a 
workshop on quality assurance in cancer care with the Ameri- 
can Cancer Society. This workshop, like so many other recent 
movements in professional and regulatory organizations, 
such as the JCAHO and the ACCC (whose recent president 
was Irv Flemming), display concern about appropriateness 
and quality of care. As the premier surgical organization 
dealing with cancer, we need to seize this leadership role by 
forming task forces to develop standards of performance in 
the common cancers. The fact that controversy surrounds 
many aspects of care in these cancers should not dissuade us 
from defining more than just minimal standards but contem- 
porary comprehensive standards of performance for the sur- 
gical community. Such standards must recognize the danger 
of fixing in stone aspects of care in rapidly evolving clinical 
fields. What to do with such tracts once they are developed 
remains an issue. Leadership in surgical care of cancer should 
involve more than just distribution to and attention from our 
own society. We need to address the greater surgical commu- 
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nity. Our members, particularly Dick Wilson, Charles Balch, 
and Bob Beart, were instrumental in developing the Ameri- 
can College of Surgeons cancer management course; and Art 
Holleb and David Winchester were instrumental in develop- 
ing the quality assurance workshop just mentioned. As a 
society, however, we need to assume responsibility for edu- 
cating and advancing cancer management for the entire gen- 
eral surgical community. Standard setting is an appropriate 
vehicle for such a liaison with the wider field of surgery and to 
be expected of a leadership organization. 

We should never be accused of competing against general 
surgeons but must assume the role of support of those on the 
front lines—the community and general surgeons of the coun- 
try. We should educate, train, set standards, support through 
consultation and referral, and manage complicated, difficult 
tumor problems, but always be humble enough to realize that 
the vast majority of cancer cases will always be managed by 
the first line of surgical defense, the community surgeon. 
With approximately 150 000 new patients with breast cancer 
and colon cancer each year and with the numbers rapidly 
increasing because of the aging and increasing population, it is 
obvious that the vast majority of these patients will always be 
operated on by general surgeons. By 1990, there will be an 
estimated 1 400 000 patients with cancer, resulting in 630 000 
deaths—a huge work load. Cancers of the stomach and pan- 
creas and melanomas will also continue to be, and should be, 
the province of general surgeons. Liver metastases from 
colon cancer, however, will, for the most part, be operated on 
by members of this society, but we have an obligation to ~ 
educate the general surgical community as to the appropriate 
follow-up, diagnostic evaluation, therapy, and referral of pa- 
tients with colorectal cancer so that hepatic resections are 
conducted on an appropriate and selected group of patients. 

Another implication of standard setting is testing or self- 
evaluation and the focusing of personal educational efforts. 
Thus, I propose we continue the path established by Charles 
Balch under the guidance of the executive committee of the 
Society of Surgical Oncology by continuing our comprehen- 
sive test vehicle for surgical cancer care, but use it in a fashion 
established by the SESAP from the American College of 
Surgeons as a method for our members as well as the general 
surgical community to judge their knowledge and focus their 
education and learning in cancer management. Quality as- 
sessment is the name of the game in medicine and surgery in 
the future, and we can become leaders only if we exert such 
leadership in individual surgeon quality assessment done pri- 
vately. Although much of the expense of such a test can be 
retrieved in the fees for its administration, the society will 
obviously incur expenses in developing and maintaining such 
a program. We would encounter problems in using such a test 
as membership qualification or certification, but we should 
certainly expect an excellent standard of performance for our 
training program graduates. By utilizing the test as a private 
educational vehicle, however, and not as an exclusionary 
certification, we can fulfill our leadership role in education and 
not encourage inappropriate legal interpretation. 

Our Society’s direction in developing surgical oncology 
training programs has borne fruit in the nine programs al- 
ready established and the several programs awaiting approv- 
al. The willingness to refuse approval to programs not meet- 
ing our standards is an example of standard setting, 
leadership, and maturity. This effort, so long headed by Bob 
Schweitzer of the education committee, began after a work- 
shop sponsored by Margaret Edwards at the National Cancer 
Institute with Ed Scanlon, Walt Lawrence, Lasalle Leffall, 
and others. The training community and program are now 
under the direction of Bernie Gardner and must be continued 
and strengthened. Certainly, over the years ahead more 
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programs will be added, but we must recognize that there are 
inherent limitations in this effort. No surgical oncology train- 
ing program can detract from the general surgical residency 
in the same institution or interfere in the training of the chief 
general surgical resident. Never will we be able to graduate 
enough trained surgical oncologists from such programs to 
satisfy the clinical cancer needs of the country. Instead, our 
responsibility as a leadership society should be to deliberately 
educate our graduates to return to the community and aca- 
demic centers to exert their influence. In a survey recently 
undertaken by the education committee, it was found that the 
vast majority of the graduates of our training programs in the 
past few years have developed academic careers, and by 
implication have not only become busy practitioners in surgi- 
cal oncology but educators and researchers. Our mission has 
been successful, therefore, but only a small number of gradu- 
ates finish each year—about 30 currently —and if 15 programs 
eventually are recognized, perhaps only 40 to 50 will graduate 
each year. With a surgical career of perhaps 30 years, we will 
never exceed 1000 active graduates of surgical oncology train- 
ing programs at one time, less than 5% of all general surgeons. 
One in 20 surgeons may be an appropriate goal in terms of 
numbers to support our general surgical colleagues in dealing 
with patients with cancer. If we decide the manpower re- 
quirements needed to support surgical cancer care in the 
general surgical community, we can become more rational 
about how many training programs and how many trainees 
we should support to carry out our goals. 

There is a problem in defining our membership elaborated 
by this understanding of our training program production. 
Current membership requirements include at least 1 year of 
surgical oncology training, and although this has been inter- 
preted liberally by the membership committee in the past, we 
need to recognize that many of our natural surgical leaders do 
not take separate and defined surgical oncology training; 
thus, graduates of some of the premier American surgical 
programs may well continue in academic or clinical careers 
without specific postgraduate education in research or clinical 
areas. Recently, the executive committee accepted a produc- 
tive clinical career of at least 6 years devoted to cancer 
surgery as satisfactory evidence of experience equivalent to a 
surgical oncology fellowship in terms of qualifying for Society 
of Surgical Oncology membership. As in the past, not every 
graduate of our training programs will be eligible for Society 
of Surgical Oncology membership since we, most important- 
ly, require evidence of productive inquiry as evidenced by 
writing papers, conducting research, and contributing to the 
cancer effort in communities, the American Cancer Society, 
and the American College of Surgeons. Continued evidence of 
scholarship in cancer management should be our prime goal in 
evaluating surgeons for membership rather than just partici- 
pation in one of our training programs. We must never ex- 
clude the most likely potential leaders in surgery from mem- 
bership because of narrow technical requirements, and we 
must not succumb to pressure for membership from candi- 
dates, members, or training directors just because of the 
fulfillment of a training requirement without substantial evi- 
dence of scholarly activities. Over time, I believe, we should 
become more restrictive in membership so that we continue 
our path toward academic and clinical leadership and away 
from our origins as an alumni society. We should as an ideal, 
however, continue to strive to be broadly educated and broad- 
ly experienced surgical oncologists, although our member- 
ship will have men and women more narrowly focused in their 
interest, such as breast or colon specialists. 

Research should be a role of leadership, and the Society of 
Surgical Oncology should appoint a research committee of 
young investigators to develop and sponsor protocols that 
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may impact on clinical cancer care by surgeons. Such research 
could utilize membership contributions of cases, the tumor 
registry system of the Commission on Cancer, or local inter- 
est by members. Projects might focus initially on limited 
defined problems in clinical management to exercise and per- 
fect such a sponsored clinical research process. For instance, 
outcome in terms of hospital stay, cost, patient satisfaction, 
and long-term benefit could be analyzed in postmastectomy 
reconstruction done immediately or delayed. The variety of 
continence-preserving rectal operations could be documented 
in terms of numbers and outcome, obtaining a broader survey 
then could be obtained from a single institution. Acceptance 
by surgeons and patients of the utilization of adjuvant thera- 
pies could be measurements. How many patients with colon 
cancer are receiving 5-fluorouracil therapy postoperatively 
that is of unproved benefit, for instance. The advantage or 
disadvantage of following up patients who have colorectal 
cancer with or without careful carcinoembryonic antigen 
monitoring or patients who have breast cancer with or with- 
out routine radiological or laboratory testing would lend itself 
to society-sponsored research projects. Specific significant 
problem areas that may not attract research support from 
ordinary granting agencies should be suitable for our support. 
Data collection and statistical analysis for such research pro- 
jects could undoubtedly be negotiated with cooperative 
groups, the American College of Surgeons, individual institu- 
tions, or the Society of Surgical Oncology itself. With experi- 
ence and continued support and development of a smoothly 
functioning research process involving our membership, 
more elaborate projects could be undertaken. Projects should 
have immediate clinical application for all surgeons caring for 
cancer problems and not be focused on uncommon or esoteric 
aspects of interest only to a small number of consultant, 
tertiary cancer surgeons. Such evidence to us and the general 
surgical community of willingness to use our membership in a 
scientifically and clinically productive way would also estab- 
lish our broader leadership commitment. 

As the “spokesperson” for general surgery, we should be 
prepared to deliver, with appropriate attention to the public 
press, “white papers” on controversial and contemporary 
cancer subjects that affect surgeons. For instance, the recent 
inopportune “Clinical Alert” from the National Cancer Insti- 
tute regarding the adjuvant therapy of node-negative pa- 
tients with breast cancer clearly needed a response from some 
expert and interested surgical body. The Society of Surgical 
Oncology should accept that leadership role and responsibil- 
ity and have a mechanism developed for appropriate respons- 
es to such public issues. Here was a unique opportunity for us 
to speak as leaders of the surgical community and respond for 
them. The fact that surgeons—who have always treated the 
node-negative patients with breast cancer largely by them- 
selves—were excluded from the mailing list of that “Clinical 
Alert” indicates the need for general surgeons to have a 
spokesperson on cancer affairs. That bypass of surgeons in 
itself was a sad commentary on the status of the surgical 
community in cancer affairs and evidence of the lack of appre- 
ciation of the unique role general surgeons have in treating 
patients with cancer, particularly when over 90% of cures in 
solid tumors are achieved by surgical efforts. 

As an example of our distinctive role as surgeons in cancer 
management, we need to appreciate that perhaps only 10% to 
20% of common cancers are operated on by our Society mem- 
bers, whereas the chemotherapy of patients with cancer is 
overwhelmingly given by members of the American Society 
of Clinical Oncology. Essentially, all radiotherapy treatments 
are given by members of the radiotherapeutic societies. Our 
medical oncology and radiotherapeutic colleagues consider 
themselves as experts in all cancer cases—a severe disadvan- 
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tage to the surgical community in dealing with patients and 
the public. The average general surgeon feels less able to 
compete in expertise with members of medical oncology and 
radiotherapeutic societies and takes a less active role in plan- 
ning complicated contemporary therapy or dealing with the 
less common situations. General surgeons may feel less com- 
fortable in offering patients professional advice in multidisci- 
plined management because much of their time also requires 
dealing with other surgical management areas besides can- 
cer. The disciplines of chemotherapy and radiotherapy are 
more narrow in knowledge and perhaps more effective in 
dealing with the public granting agencies and the regulatory 
bodies. Because of chemotherapy'’s and radiotherapy’s use of 
seemingly more sophisticated high technology equipment, 
chemicals, and publicity, and because our technological ad- 
vances are more hidden from public view since our patients 
are asleep, we face more of a challenge. Thus, we must exert 
our impact on cancer management through the general surgi- 
cal community with our Society of Surgical Oncology mem- 
bership. We must provide the guidance, education, and stan- 
dards to a larger group that has less focused interest on cancer 
problems and many more competing demands such as trau- 
ma, vascular diseases, and infection. If we perform our 
functions well, we can be acknowledged as their mentors and 
guides, but we must be careful to keep our constituency and 
responsibility clearly in mind so that we are not accused of 
competition or opportunistic, acquisitive behavior. One way 
to establish that attitude is to avoid a focus on financial 
aspects of our service. Indeed, we should ensure that for the 
common cancers our fees are not greatly out of line with the 
average community fees for procedures. The concept of a 
resource-based relative value scale should be accepted in 
principle for remuneration. I personally believe that some 
form of the Resource-Based Relative Value Scale concept is 
equitable and rational for a fee structure. We should scrupu- 
lously avoid any suggestion that we are using our society 
membership for economic gain or advantage. Such a clear 
statement of purpose will help in our efforts to ensure that we 
are looked on as a professional and intellectual organization 
and not as a vehicle for fee enhancement and competition. Our 
extra effort, training, and sophistication we would expect to 
be recognized in handling reoperative, complicated, or unusu- 
al cancer cases. Exenteration for rectal cancer certainly 
needs to be recognized as a procedure that requires extra 
resources and training and experience, but such an operation 
does not compete with the general surgical community and 
exemplifies the unique talents of the true surgical oncologists. 
As a corollary to this need to exert our impact on cancer 
problems through the general surgical community and our 
general surgical partners, we should be prepared to defend 
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them in the legal arena. Since our profession is under assault 
by a hazardous, even treacherous, legal climate, it is our 
obligation to defend our general surgical colleagues through 
education and standard setting and direct service as expert 
witnesses when warranted. For instance, one of the most 
common malpractice actions is failure to diagnose breast can- 
cer, yet in my experience, almost all these cases occur in 
women with inflammatory disease or diffuse invasive lobular 
carcinoma that do not present in a common or usual way and 
are deceptive and therefore hard, if not impossible, to diag- 
nose. We need to communicate to the general surgical commu- 
nity as well as the legal community that these are cases that 
are impossible to diagnose early and that, indeed, outcome is 
so bad that slightly earlier diagnosis would make no differ- 
ence. Unfortunately, a few members of our Society serve as 
frequent plaintiff experts, giving testimony that most of us 
would consider as beyond reasonable conclusions from the 
facts. Here is an area of leadership in educating the legal and 
general surgical community that we can easily adopt and 
promote with direct and early favorable effect. 

We might also consider a public interest-type campaign to 
raise the status and recognition of the general surgeon in 
routine cancer care. Such a public education and public rela- 
tions campaign would obviously involve a great deal of money 
but would yield immediate benefits in terms of helping to 
establish the surgeon as the prime contact point for cancer 
management and the day-to-day expert in routine cancer 
problems and ourselves as leaders in surgical cancer care. 

What will such a multifaced mission involve on our Society's 
part? Certainly, it will cost money, and increased dues will be 
needed to accomplish the tasks suggested here. Even more 
than money, it will involve time on the part of members for the 
commitment to act as leaders in the realm of standard setting, 
test development, education, public policy, and, finally, re- 
search. Does the Society share this view of our challenge in 
the future, or is this analysis peculiar and isolated? I propose 
wide discussion of these issues, contact and communication 
with our executive committee, and, if desired, new or expand- 
ed roles for our Society. The membership will provide the 
ultimate motivating force, so your voices need to be heard. 

This, then, I view as the crossroads that our Society of 
Surgical Oncology approaches, which in many ways is the 
result of our success, growth, and increasing stature. I would 
propose that the bylaws be changed so that our purpose 
reads, “To provide leadership to the general surgical commu- 
nity and the public by education, standard setting, innova- 
tion, consultation, and research, so the preeminent role of 
surgery in the cure of cancer continues through increasing 
knowledge and with multidisciplinary management.” 
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Whither the Solid Tumors 


James Ewing Lecture 


W. P. Longmire, Jr, MD 


è Improvement in survival rates for solid tumors, the cancers 
of greatest concern to the surgeon, has lagged far behind the 
dramatic advances that have been made in the treatment of 
leukemias, lymphomas, and certain childhood tumors. The appli- 
cation of new technical procedures and an aggressive approach 
to certain metastatic lesions offer chances for improving opera- 
tive results, but the greatest contribution to curing cancer that 
can be made by surgeons at this time is the complete removal of 
the small localized primary tumor. By more active participation in 
“early detection programs” surgeons can increase their opportu- 
nities to treat cancer at this stage. The American College of 
Surgeons, in consultation with the National Cancer Institute, has 
conducted a detailed survey that analyzes the lack of surgical 
participation in clinical trials with a view toward developing a 
more active surgical interest in evaluating new methods of treat- 
ment for the solid tumors. One of the current efforts to improve 
the outcome of these recalcitrant cancers involves increasing 
the number of trained surgical scientists in the field of cancer. 

(Arch Surg. 1990;125:158-162) 


fp meres in the treatment of solid tumors was succinctly 
summarized in the controversial 1987 report of the Gen- 
eral Accounting Office.’ It stated, 


. . Survival has indeed improved for most cancers. The factors that 
account for the improvements are earlier detection, improved surgi- 
cal and radiation procedures, and the advent of chemotherapy. How- 
ever, major breakthroughs have been infrequent and have come 
primarily in the treatment of tumors of early life or of leukemias and 
lymphomas. Improvements in patient survival for the carcinomas, 
which constitute approximately 85 percent of all cancer cases, have 
been slower. 


Of the 12 cancer types that the study considered in detail, 10 
would be considered in the “solid tumor group” with surgery 
being the primary mode of treatment; improvement was con- 
sidered slight in 6 (breast, cervical, colon, rectum, head and 
neck, and lung), and moderate in 8 (bladder, endometrial, and 
prostate), and there was no improvement in 1 (stomach). 
However, the National Cancer Institute (NCI), after review- 
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ing the document, insisted that the report projected an un- 
warranted degree of negativity concerning the progress of 
cancer control. 

Certain excerpts from the February 1989 report of Dr 
Samuel Broder, the new director of the NCI, to the National 
Cancer Advisory Board indicate a continuation of a broad, 
basic, and clinical research program for the Institute. 


First, and foremost, any commitment to defeat cancer, is a commit- 
ment to support investigator-initiated basic research. . . . From our 
perspective, prevention is our most important priority. . . . We will 
continue to emphasize the application of both established and new 
technologies to facilitate the early diagnosis of cancer. . . . We will 
continue to apply the fruits of basic research to new therapeutic 
strategies. . . . The major advances in breast and colon cancers, and 
other diseases have come out of NIH [National Institutes of Health, 
Bethesda, Md]-funded clinical trials by clinical cooperative groups. 
These are made up of academic and community physicians who have 
banded together for the purpose of accruing patients to clinical trial. 


In this broad program, Dr Brodér proposes continued ef- 
forts to improve the diagnosis and treatment of cancer. These 
efforts are not only of the greatest concern to those patients 
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who now have cancer, but are also of immediate concern to the 
members of this organization and other surgeons who togeth- 
er make up the major task force manning the front line of the 
present day clinical battle against cancer. It has been esti- 
mated’ that 958 000 new solid tumors will have occurred in 
this country in 1988 and that surgery will be the treatment of 
choice for 90% of those that are localized. Thus, the majority 
of patients with cancer are “in the hands” of surgeons, and the 
course of treatment these patients follow will usually be 
influenced by the recommendation of their surgeons. 


HISTORICAL BACKGROUND 


Solid tumors and surgeons have an ancient historical rela- 
tionship. Some of the earliest recorded operations were per- 
formed in a crude attempt to relieve patients with advanced 
external cancers, such as cancer of the breast, where the 
problem of palliation was merely one of removing a large, foul, 
fungating mass from the chest wall, or in the earliest attempts 
to palliate internal solid tumors of the gastrointestinal tract 
by relieving the protracted suffering of long-term intestinal 
obstruction from cancer of the rectum or colon by a proximal 
decompressive procedure or destruction of the obstructive 
rectal lesion by excision or fulgeration. These heroic pioneer- 
ing procedures in what might be called the “First Era” per- 
formed without benefit of anesthesia, quite naturally were 
never widely accepted or practiced. 

As the number of elective surgical procedures increased 
dramatically in the wake of either anesthesia and “Lister- 
ism,” or the appreciation of the cause and control of infection, 
surgeons began a renewed attack on the solid tumors, but 
even in 1872, Samuel E. Gross,’ in his popular System of 
Surgery, expressed a generally pessimistic attitude toward 
the treatment of cancer. 


All experience has proved that extirpation cannot be relied upon as a 
means of permanent cure. My own conviction is that interference 
with the knife is very frequently only productive of harm, and that a 
patient will live quite as long without it, and on the whole, in a state of 
greater comfort. Excision is rarely advised, and in most cases, there 
is no effective treatment. 


But operative surgery was advancing rapidly in what might 
be referred to as the “Second Era,” and less than a decade 
later, in 1881, Billroth‘ reported the first successful gastrecto- 
my for cancer of the stomach. Even though the patient only 
survived a few months, and Billroth’s next three patients 
died, he did demonstrate that part of the stomach could be 
removed and that the gastric digestive juices would not pre- 
vent healing of the gastric anastomosis. 

What might be considered the next step in the surgical 
treatment of solid tumors was typified by the meticulous 
radical mastectomy by Halsted’ in 1884 that reduced the local 
recurrence rate following excision of cancer of the breast from 
a high of 82% to 6% and the detailed study by Miles’ in 1908 of 
the lymphatic spread of cancer of the rectum that led to more 
rational and effective treatment of that lesion. In planning the 
operation, surgeons were appreciating more and more the 
importance not only of local invasion of cancer but also of 
lymphatic involvement. 

With continued improvements in anesthesia and asepsis 
and an understanding of surgical shock, surgeons of the 
“Third Era” attempted to improve the cure of cancer by more 
extensive local and lymphatic resections. By the mid-1940s, 
for example, the operative mortality of total gastrectomy and 
celiac lymphadenectomy had been reduced from 30% to less 
than 10%, and the operation was tentatively proposed as a 
routine procedure for cancer of the stomach,’ the most com- 
mon cause of cancer death in men of that day. Similar ex- 
tended radical resections were being explored for other can- 
cers, ie, the supraradical mastectomy with mediastinal lymph 
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node dissection, total pancreatectomy, pneumonectomy with 
mediastinal dissection, etc. 

As these radical techniques were perfected, some modest 
improvement in survival rates were evident, but the gains 
were disappointingly meager. During this same era, x-ray 
therapy alone, or as an adjunct to surgery, was being evalu- 
ated, and efforts that continue until this day were made to 
identify the optimum techniques and timing for radiation 
therapy, but again, significant survival gains remained elu- 
sive. The gains that might be expected from extended exci- 
sional surgery and/or more intense radiation therapy in vari- 
ous cancers were soon well catalogued, and it seemed evident 
that for many malignant neoplasms the “point of diminishing 
returns” had been reached. 

At about this same time, chemotherapy as a surgical ad- 
junct appeared; unfortunately, all three of the initial surgical 
cooperative studies—gastric,’ colon,”” and breast"—were 
conducted more than 20 years ago with what proved to be a 
totally ineffective chemotherapeutic agent, thiotepa. These 
experiences left an unsatisfactory impression of adjuvant 
chemotherapy in the minds of many members of that surgical 
generation. 

Since that time continued trials have tested combination 
adjuvant therapies with significant, but still disappointingly 
small, improvement of such common solid tumors as breast, 
colon, and rectum, and small cell cancer of the lung. However, 
it must be remembered that although the percentage im- 
provement is small, hundreds, even thousands, of lives are 
involved with these common tumors. 

During much of this period, when our valiant surgical ef- 
forts were going forward to improve the outlook of the unfor- 
tunate patient with a solid tumor, the beneficial effect of some 
unknown exogenous factor was surreptitiously being demon- 
strated on the incidence of cancer of the stomach, the most 
frequent cause of cancer death in men in the United States 
during the first half of this century. A persistent, impressive 
decline in the incidence of this disease, which began in this 
country about the end of the first quarter of this century, 
continues in less impressive form to this day. Although the 
exact mechanism responsible for this decline in gastric cancer 
is still not clearly established, it is likely that some generally 
acceptable, unrecognized alteration of the food chain has 
occurred that has saved more people from dying of cancer of 
the stomach than we could ever have hoped to cure by our 
usual forms of treatment, had the incidence remained un- 
changed. Thus, the important effect on the cancer death rate 
that may be pursued through one of Dr Broder’s important 
objectives, that of discovering and utilizing effective preven- 
tative measures, is illustrated. 

The same, of course, could be anticipated with cancer of the 
lung if cigarette smoking could be controlled. The effect of a 
low-fat diet on cancer of the breast and colon is currently 
being tested based on sound preliminary findings. However, 
the concern of the public about these potentially important 
exogenous factors is in danger of being diluted, if not de- 
stroyed, by the frequent announcement, often followed by a 
less-publicized disclaimer, of a new study implying that still 
another commonly encountered food or other substance may 
cause cancer. 


CURRENT PROBLEMS 


The staff of the NCI is well aware of the very important role 
surgeons play in the field of cancer, and with the support of 
the National Cancer Advisory Board, they have directed 
specific efforts toward encouraging greater participation by 
surgeons in both basic and clinical research. Utilizing surgical 
oncology research training grants, increasing numbers of 
young surgeons are being prepared with the most current 
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methods of cancer diagnosis and treatment as well as receiv- 
ing an indoctrination into the most advanced research tech- 
niques and scientific methods. It is hoped that they not only 
will be equipped to proceed with a clinical cancer practice, but 
also will have the preparation to compete more favorably for 
the funds necessary to support original investigations of a 
clinical and/or basic nature. It will be the surgeon with a 
“prepared surgical mind,” a product, it is hoped, of such a 
research training program, who will use the basic science 
information and techniques with which he has been prepared 
to solve important clinical problems of the future. Congress 
has been somewhat impatient in recent years with the lack of 
transfer of basic science advances into the clinic. Could this be 
related to the lack of appropriately trained clinical investiga- 
tors who are prepared by education and training to apply 
these advances in the care of the sick? 

I was interested in the thoughtful presidential address by 
Albert Tannenbaum,” delivered before the American Associ- 
ation for Cancer Research some three decades ago, when he 
commented on the broad range of individuals involved in 
cancer research and the fact that their widely divergent 
training and point of view contained all of the ingredients for 
unreasonable criticism and intolerance. Tannenbaum went on 
to relate an example of the importance of basic science to 
clinical surgery, and true to his prediction, his interpretation 
of these events aroused a bit of professional pique in me. 

Tannenbaum’s story involved the problem of suppuration 
that plagued England more than 100 years ago. The surgeons 
of that period had a high degree of skill and the benefit of the 
recently introduced anesthesia; yet, almost every major sur- 
gical procedure resulted in death due to suppuration. A grow- 
ing professional and public concern resulted in the formation 
of the British Empire Suppurative Campaign. Large sums of 
money were collected and a board was assembled consisting of 
the best men in medicine, chemistry, and research. Panels 
and committees were set up for the allocation of funds, the 
collection of pus, and the investigation of its causes and char- 
acteristics. Within a period of 2 years, much pus had been 
collected and an enormous literature compiled. Studies were 
completed regarding the physical characteristics and compo- 
sition of pus—specific gravity, index of refraction, viscosity, 
analysis of inorganic constituents, protein, lipids, and carbo- 
hydrates. Feverish activity continued to engage the British 
suppuration campaign. 

Meanwhile, a Frenchman was demonstrating that fermen- 
tation was caused by living organisms that dropped from the 
air into wine vessels. He was also completing other experi- 
ments that climaxed the speculation of a century—that fer- 
mentation, putrefaction, and diseases were related. This 
man, of course, was Louis Pasteur. Here Tannenbaum, I 
believe, overlooked an important aspect of clinical research 
when he next stated that Pasteur’s work led to antiseptic 
surgery and largely to the solution of the suppuration prob- 
lem. True, his work did lead to antiseptic surgery, but Tan- 
nenbaum omitted a very essential step. Pasteur was a chemist 
and microbiologist, and it was Lister, a clinical surgeon con- 
cerned with suppuration of wounds in his patients, who ap- 
plied Pasteur’s basic observations on the importance of air- 
borne organisms to clinical surgery. Lister set about testing a 
number of solutions before selecting a weak solution of carbol- 
ic acid that would kill bacteria with minimal damage to normal 
tissues, thus taking the final step that initiated the era of 
antiseptic surgery. It was the clinician seeking the solution to 
a clinical problem, who seized on the observation of the basic 
scientist for the answer. The essential role of the clinical 
investigator is well illustrated in this historical anecdote. 

The number of surgical oncology training programs and 
surgeons in training has risen over the past 5 years, from 5 to 
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18 programs, with the number of trainees increasing from 21 
to 61 (Table). For some years. applications from surgeons for 
such support were meager despite the efforts of the NCI. This 
reluctance seems to have lessened in recent years. The NCI 
has established a special ad hoc review committee for this 
program, after which priority scores are interdigitated with 
those for all other institutionel training grants. 

I, for one, would not like to see so many such programs 
instituted that the supply ef trained surgical oncologists 
would get far ahead of the demand, as has occurred in certain 
medical and surgical specialties. This question has been ad- 
dressed by several surgical oncologists, as well as general 
surgeons, and as far as I know, no one has come up with a 
specific number of surgical oncologists that would fulfill the 
needs of this country at the present time. It would seem that 
the number should be gradually increased as the inevitable 
move of medicine and surgery toward greater and greater 
specialization continues. Appraisal of the “marketplace de- 
mand” for such specialists from time to time would be in 
order. Recognition of the sungical oncologists, through spe- 
cial certification by the American Board of Surgery, I under- 
stand, is not apt to occur in the near future. 

At another more immediate clinical level, the NCI has also 
been concerned about the lack of participation by surgeons in 
clinical trials. Despite repeated encouragement, surgeons 
continue to be reluctant to enter their patients into studies 
designed to-evaluate new cancer treatments. This apparent 
reluctance of surgeons, even surgical oncologists, to partici- 
pate in clinical trials has always been somewhat of a mystery 
and has prompted some unkind remarks directed at our group 
from the administrators of these studies. A frequent charge is 
that surgeons will not enter a patient into a protocol study 
because they are afraid of “losing the patient.” Such an accu- 
sation, although in part true, has, I believe, been overempha- 
sized. After consulting with members of our staff, and with 
surgeons in other practice setzings and locations, such as John 
Daly, MD, Philadelphia, Pa; Walter Lawrence, MD, Rich- 
mond, Va; Isadore Cohen, MD, New Orleans, La; Don Wag- 
ner, MD, Santa Monica, Calf; and Tapas Das Gupta, MD, 
Chicago, Ill, several factors emerge as very practical incen- 
tives that prevent busy practicing surgeons from placing 
patients “onprotocol.” 

1. First and foremost, is the overwhelming paperwork 
involved. Even in institutions that employ “data managers” 
to assist with the completior of the required forms and re- 
ports, the amount of paperwork remaining for the physician is 
considered formidable, and is particularly repugnant to the 
busy surgeon. | 

2. Many ef the protocols in which physicians and surgeons 
in community hospitals are involved utilize combinations of 
approved drugs that are already “on the market” and the 
physician uses the readily available drug to treat his or her 
patient without the inconvenience of being involved in the 
time-consuming protocol. Physicians tend to participate in 
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protocol studies more readily if they involve the use of other- 
wise unavailable medications. 

3. In this country, accrual of surgical patients has proceed- 
ed most rapidly in institutions with interested physicians 
dedicated to the study and with an indigent patient clientele, 
such as in municipal hospitals. 

4. Patients also tend to object to multiarm trials. Protocols 
with only two arms, both of which involve treatment of some 
kind, seem more readily accepted. But in general, patients 
dislike having their treatment decided by the “flip of a coin.” 
This is especially true when different types of surgical proce- 
dures are involved. Here one must give credit to Dr Bernard 
Fisher” for his conduct of the breast cancer protocols that 
have played a crucial role in modifying the surgical treatment 
of cancer of the breast. 

5. Finally, there are financial considerations. The physi- 
cian receives little, if any, compensation for this time, and the 
patient is, in some locales, largely responsible for paying for 
the costs of treatment. If any unanticipated complication 
associated with the treatment develops, the patient may be 
obliged (but reluctant) to pay for the additional medical ex- 
penses. Medical insurers in some sections of the country have 
refused to pay for care associated with protocol studies in- 
volving unapproved drugs. Overall, there is essentially no 
financial compensation to patient and little, if any, to the 
physician. 

Interested in increasing the number of patients with cancer 
entering clinical trials, the Commission on Cancer of the 
American College of Surgeons has completed a somewhat 
similar but more extensive professionally conducted survey, 
and the unpublished results have been made available by 
David P. Winchester, MD, Medical Director of the Cancer 
Department of the College. Interviews were conducted with 
201 general surgeons, 100 thoracic surgeons, and 102 colorec- 
tal surgeons. 

The following information has been abstracted and, in some 
cases, interpolated from that report. 

Personal factors that influence surgeons against entering 
patients in clinical trials are listed below: 


Factor % of Surgeons Influenced 

Patients may not receive 

best treatment 73 
Increases paperwork 64 
Risk of “losing” patients 59 
Takes too much time 35 
Fear of patient being in 

“no treatment” group 21 
Fear new treatment may be 

ineffective 20 


The disadvantages of clinical trials to patients as viewed by 
surgeons are tabulated below: 


% of Surgeons 
Side effects 27 
Increased travel 28 
Increased visits 14 
Discomfort and inconvenience 31 


The likelihood of surgeons approaching eligible patients to 
enter a clinical trial varies by specialty, with thoracic sur- 
geons being most aggressive and general surgeons the least, 
is shown below: 


Surgeons by Specialty/ % of Surgeons Who Approach 
Type of Cancer Patients to Enter 
Clinical Trials 
Thoracic/lung 80 
Colorectal 40 
General/breast and colorectal 10 


The following reasons given by surgeons for not approach- 
ing patients to enter clinical trials are quite similar to those 
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identified in the limited personal survey: not my area of 
expertise, unaware of opportunities to participate, lack of 
access to trials, lack of confidence in methods being tested. 

The percent of patients thought by surgeons to enter clini- 
cal trials, far exceeds independent estimates of participation: 
21% of patients with lung cancer, 17% of patients with breast 
cancer, 10% to 11% of patients with colorectal cancer, and 2% 
to 3% independent estimates. 

Factors that influence surgeons to enter their patients in 
clinical trials are as follows: proximity to place of clinical trial, 
personal involvement in clinical trial, level of information 
regarding clinical trial, and level of interest in patients with 
cancer. 

The survey concluded that there is great potential to in- 
crease the involvement of a surgeon’s patients in clinical 
trials, and efforts should be made to expand what surgeons 
are already doing rather than trying to initiate a new and 
unfamiliar form of behavior. 

The major obstacles to greater participation by surgeons 
center around the following two broad concepts: isolation and 
inertia. Isolation is related to lack of communication. Sur- 
geons are not aware of which trials are being conducted, by 
whom, where, what patients are eligible to enter the trials, or 
how to enroll them. The little information they have raises 
doubts about the effectiveness and the side effects of 
treatment. 

Inertia pertains to a general lack of interest of surgeons in 
clinical trials. They are less interested in helping future pa- 
tients than in caring for the patient at hand. The extra time 
and effort involved in explaining a trial to patients and the 
extra paperwork and follow-up attention discourage the busy 
surgeon who has no particular tie to investigation of cancer 
treatment. 


FUTURE GOALS 


If we wished to speculate about the future involvement of 
surgeons in the management of solid tumors, what thoughts 
might be expressed? First, for the immediate future, as sur- 
geons continue to use standard surgical procedures alone or in 
combination with adjuvant therapies, we must continue to 
seek better adjuvants and improved methods of utilizing 
these modalities. The biological response modifiers, as intro- 
duced by Rosenberg et al,“ offer interesting new possibilities 
that must be explored and evaluated. Donald M. Morton, MD 
(oral communication, March 31, 1989), proposes that surgery 
be tested as the “adjuvant” in certain tumors and placed last 
in the treatment sequence so that it can remove the residual 
cancer cells resistant to chemotherapy and radiation and uses 
as examples the current treatment of such tumors as bone and 
soft-tissue sarcomas, testicular and pediatric neoplasms. 

Further evaluation is indicated of the excision of single 
organ metastases in such organs as the liver and lung. A study 
of the biological processes involved in the formation of metas- 
tases offers intriguing opportunities in basic investigations 
for surgeons with the appropriate scientific background. 

The application of certain technical aids must be evaluated, 
such as the use of lasers in the treatment of head and neck 
malignant neoplasms, and of the optical and mechanical in- 
strumentation involved in microsurgical techniques to im- 
prove the results of reconstruction following tumor ablation. 

Surgeons have been repeatedly criticized for embracing 
wholeheartedly new operations without the analytical! seruti- 
ny that medical therapies must undergo. This is another 
reason for surgeons to become more involved in cooperative 
trials—not only to evaluate various new drugs and other 
therapeutic combinations, but also for the evaluation of new, 
and possibly some old, operative procedures. 
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Instead of chasing every last cancer cell like a “will-o’-the- 
wisp” through lymph nodes and adjacent structures via larger 
and larger operations, our time might be more productively 
spent in reducing cancer mortality by participating more 
actively in early detection programs, admittedly an activity 
that has never had a particular appeal to surgeons, but it is in 
the complete eradication of the small, early localized cancer 


that surgery has the most to offer. For most such solid tu- 
mors, no other treatment is as effective as surgical excision. 
Finally, the brightest future for the role of the surgeon in 
solid tumor management lies in the training of a cadre of 
surgical cancer scientists who will be equipped to follow, and 
at times to lead, the basic scientist in the application of new 
methods of preventing, detecting, and treating cancer. 
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è This presentation reflects four decades of research on the 
origins and prevention of major human cancers linked to tobacco 
use and nutritional factors. Observations in the 1950s went on to 
prove the causal relationship between cigarette smoking and 
lung cancer. Attempts to lower the cancer risk by product modifi- 
cation have shown some promise, but an absolute risk reduction 
can be attained only by abstinence from tobacco use. The role of 
dietary fat as a risk factor for breast cancer is highlighted as an 
example of the link between nutrition and cancer. Preventive 
strategies of dietary modification need to delineate the roles of 
specific types of dietary fats in mammary carcinogenesis. Low- 
fat diets in conjunction with chemotherapy and ovarian ablation 
may even be effective in preventing metastasis or recurrence of 
breast cancer after surgery in premenopausal patients. Health 
education in schools and health promotion efforts involving all 
segments of the community need to be pursued as primary 
preventive strategies for cancer control, along with efforts to- 
ward product modification and research on chemoprevention of 
cancer. 

(Arch Surg. 1990;125:163-169) 


t is a pleasure for me to accept the Lucy Wortham James 

Clinical Research Award, especially since this honor 
comes from the Society of Surgical Oncology. Since my early 
work with Evarts A. Graham, MD, who played such a promi- 
nent role in the history of American surgery and in my career, 
I have known that my colleagues in surgery have a special 
appreciation for preventive medicine and a long-standing 
record of supporting it as well. 

The span of four decades of experience in research permits 
me to reflect on the many opportunities and obstacles encoun- 
tered in our aim to understand the origins of cancer and, more 
importantly, its prevention. This research, both in epidemiol- 
ogy and laboratory sciences, has provided some important 
concepts: (1) Cancer is not an inevitable consequence of aging. 
(2) Most human neoplastic disease is caused by environmental 
factors and can be prevented by their elimination or modifica- 
tion. (3) Most of these factors cause a metabolic overload due 
to what we smoke, drink, and eat; to a lesser extent, such 
overload is due to industrial pollutants. (4) While it is clearly 
important to gain an understanding of the mechanisms of 
action in tumorigenesis, effective preventive measures can be 
taken before mechanisms have been fully elucidated. 

This presentation will focus on strategies employed in pre- 
venting those cancers known to be related to tobacco and 
nutrition. Such exciting developments as vaccination against 
liver cancer in China or the campaigns to reduce cervical 
cancer in developing societies will not be discussed, nor will 
one of the great unplanned triumphs in cancer prevention, the 
decline of the incidence of cancer of the stomach in the United 
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States and many other countries. This decline undoubtedly 
relates to improvements in the food supply, a significant 
reduction in salted and pickled foods due to advances in 
refrigeration, and the year-round availability of fresh fruits 
and vegetables.’ 

The preventive strategies for tobacco-related and nutri- 
tion-linked cancers in most instances apply to other causative 
factors as well. 


TOBACCO 


In 1949, when examining the first data we had collected on 
smoking and lung cancer, Dr Graham remarked that we 
would encounter much opposition, but that we had one thing 
on our side—the knowledge that our conclusions were right. I 
have learned that being right is helpful but not sufficient to 
succeed when it comes to modifying human behavior that 
relates to a habit-forming, if not addictive, practice such as 
tobacco use. Our first epidemiological study linking smoking 
with lung cancer was published in 1950° and was soon con- 
firmed by Doll and Hill’ and later, in the 1950s, by other 
retrospective and prospective studies.** In 1953, we induced 
cancer in the skin of mice’ and in 1957 on the ears of rabbits’ 
with cigarette “tars.” Our group definitely identified carcino- 
gens in tobacco smoke in 1957 and 1959.*” Despite these 
findings, it was not until 1964 that the US government sup- 
ported the view that smoking can indeed cause human can- 
cer.” 

Some of the opposition we encountered along the way was 
the so-called great debate between Clarence Cook Little and 
me in 1961, which appeared with an editorial in the New 
England Journal of Medicine. ™™ Today, the international 
scientific community, of course, agrees that cigarette smok- 
ing is a major cause of cancer. *®* The US and European 
communities are committed to the aim of a smoke-free society 
by the year 2000. The preventive strategies are, in increas- 
ing order of importance, as follows: (1) modification of the 
cigarette; (2) smoking cessation among adults; and (3) preven- 
tion of the onset of tobacco habits in young people. 


The Less Harmful Cigarette 


There can be no safe cigarette; however, as long as it is legal 
to manufacture and sell these tobacco products, segments of 
the population will begin to smoke; and, because tobacco use 
seemingly produces some satisfaction, many people will con- 
tinue to smoke. In fact, there are currently more than 53 
million smokers in the United States who deserve attention.” 
If we cannot convince them to stop smoking cigarettes, we can 
enlist the technology of making cigarettes with lower tar 
yields. As is well established, the greater and longer the 
exposure to tobacco smoke, the greater the risk for tobacco- 
related cancer. In theory, at least, the reduction of tar should 
lead to some reduction in risk, particularly if specific tumori- 
genic components are selectively reduced.” 

In large-scale, continuing case-control studies, we are mon- 
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Fig 1.—Age-adjusted odds ratio for Kreyberg | lung cancer of long-term switchers to filter cigarettes (=15 years) and lifetime 
filter cigarette smokers relative to lifetime nonfilter cigarette smokers. "° 


itoring the effect of different kinds of cigarettes on the risk of 
tobacco-related cancers. Our most recent data (Fig 1) sug- 
gest, in line with other studies, that using low-tar cigarettes 
provides some reduction in the risk of cancer. *®” Among 
those people who switched from a nonfilter cigarette to a filter 
cigarette a number of years ago, there appears to be about a 
20% decline in risk. This decline might even be more pro- 
nounced in smokers who have used filter cigarettes, particu- 
larly low-tar filter cigarettes, exclusively. 

One problem has been that many smokers of low-tar ciga- 
rettes adopt different smoking patterns to compensate for the 
loss of nicotine, since they apparently titrate their nicotine 
intake until it reaches a level of satiation.” A low-tar, yet 
medium-nicotine, cigarette may be the best option for risk 
reduction for such smokers. Such a cigarette delivers less 
than 10 mg of tar in the smoke and about 1 mg of nicotine. This 
tar-nicotine ratio may eliminate the need for excessive com- 
pensation. We need to make clear, however, that smoking 
this type of cigarette still constitutes a considerable risk for 
coronary artery disease, since the amount of nicotine ab- 
sorbed by smokers remains relatively constant.” Nicotine is 
likely to be the main component relating to cardiovascular 
events, while the carbon monoxide and other smoke constitu- 
ents of cigarette smoke add further toxic insult.” However, if 
properly challenged, the industry can undoubtedly make fur- 
ther advances toward a less harmful cigarette. In view of the 
reductions in tar yield from 40 mg per cigarette in the 1950s to 
10 mg per cigarette and even lower in the 1980s, this expecta- 


164 Arch Surg—Vol 125, February 1990 


tion seems realistic even thougn there can never be a safe 
cigarette.” 


Cessation of Smoking and Other Tobacco Use 


The sooner people give up smoking, the greater the benefit 
in terms of reducing the risk of cancer.”“ Today, some 34 
million former smokers in the United States are testifying to 
the fact that smoking cessation isindeed possible and can best 
be accomplished by stopping “cold turkey,” as some 95% of 
former smokers have done.” 

Motivation te stop smoking ard success in smoking cessa- 
tion are largely attributable to ecucational status, particular- 
ly in men” (Fig 2). Those individuals who are married (as 
opposed to divorced or separazed) have also had greater 
success in giving up smoking. This finding points to the impor- 
tance of social support in the conduct of a person’s life-style.” 
Smoking cessation is less related to educational status in 
women, probably because of women’s primary concern about 
weight gain when they stop smoking, an issue that requires 
more attention by clinicians and researchers.” 

Increased efforts are also needed to achieve smoking cessa- 
tion among minority groups, for whom educational and social 
support are particularly lacking While about 30% of adult 
white men still smoke cigarettes, 37.2% of adult black men are 
smokers.”” This issue is being addressed by the Community 
Intervention Trial for Smoking Cessation, sponsored by the 
National Cancer Institute, whick focuses on the entire com- 
munity as an important assistant in promoting health.” 
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Fig 2.— The smoking quit rate shown by level of education.” 


Other forms of tobacco use, especially “snuff dipping” 
among children and adolescents, are also of concern.” Epide- 
miological evidence and the identification of cancer-causing, 
tobacco-specific nitrosamines and other known carcinogens in 
snuff clearly indicate that oral use of tobacco poses a risk. *” 
This risk and the concomitant nicotine habituation can be 
avoided. 

The ultimate goal of health promotion concerns children 
who can be protected against developing bad health habits, 
such as tobacco use and its consequences. This aspect of 
preventive health care will be discussed subsequently since it 
involves nutritional habits as well. 


NUTRITION 


It is commonly believed that we are what we eat. Yet 
nutrition as a possible cause of cancer has not received the 
attention it deserves from researchers and physicians alike. 
Nutritional deficiencies and excesses play a key role in the 
causes of human cancer, as was summarized by a consensus 
conference of the National Academy of Sciences.” As in the 
case of tobacco use and alcohol consumption, nutritional ex- 
cesses or imbalances create metabolic overload, and our body 
is simply incapable of handling the impact of toxins and carcin- 
ogens inhaled with cigarette smoke or the heavy intake of 
alcohol or energy excesses, particularly those stemming from 
fat. The data suggest that an excessive intake of dietary fat is 
causatively related to cancer of the breast and colon and 
probably also to cancer of the prostate, ovary, and endometri- 
um.” The following review on breast cancer and diet serves 
as an example, although only some highlights can be pre- 
sented here. 


Evidence for Dietary Fat as a Cause of Breast Cancer 


It is surprising that nutrition as a factor in carcinogenesis 
tends to be viewed with skepticism. Physicians as well as 
basic scientists seem to harbor doubts, even though it should 
be obvious that what we eat affects functions of our body. 
Studies of nutritional factors in carcinogenesis by Tannen- 
baum” in the 1940s had already shown that the tumor rate in 
mice could be affected both by total energy intake and espe- 
cially by the intake of fat. Cancer of the breast is a common 
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Fig 3.— Percentage of fat in the total energy intake in the United States 
and Japan from 1940 to 1985. (Source: Japanese Ministry of Health 
and Welfare, 1987, and the US Bureau of the Census, 1971 and 1985) 


disease, affecting 1 of 10 American women. Common diseases 
have common causes. Dietary fat—certainly a common factor 
in the United States—is the most likely factor for the high 
prevalence of breast cancer. 


Epidemiology 


Evidence for nutritional carcinogenesis has been derived 
from studies among different countries as well as intra- 
country studies, migrant studies, time trends, metabolic epi- 
demiology, molecular biology, and other experimental stud- 
ies and also includes the tests of biological plausibility and 
evidence by exclusion. 

A highly significant ecological correlation exists between 
dietary fat and breast cancer.” While such correlation in itself 
does not establish causation, the absence of such a factor 
would likely rule out a causative association.” Next are the 
important epidemiological findings from studies of migrants. 
The second-generation offspring of Japanese who migrated to 
Hawaii no longer have the low risk of this cancer that was 
prevalent in Japan, but rather their risk approximates the 
breast cancer rates of the general US population.” This 
finding suggests that the low rates of breast cancer in Japan 
are not due to genetic factors. Within Japan, there has been 
only a moderate increase in breast cancer. Only a moderate 
increase would be expected, since fat consumption today 
constitutes 24% of the total energy intake (Fig 3), while in 
1950 the average fat consumption by Japanese amounted to 
only 7.5%.** Of course, the 24% is still low compared with the 
high fat intake in the West that is closer to 40%. The 7.5% fat 
intake, incidentally, did not prevent the Japanese from mye- 
lating their nerves or developing normal intellectual capacity. 
This point is raised because it has been intimated that much 
higher levels of fat intake are necessary for these actions. 

Comparisons between southern and northern Italians indi- 
cate that the consumption of dietary fat, largely consisting of 
olive oil, appears to account for lower breast cancer rates (Fig 
4).“ This finding is supported by studies in laboratory ani- 
mals.“ On the other hand, a cohort study by Willett et al“ 
showed no difference in the risk of breast cancer among 
nurses in the United States whose reported fat intake varied 
from 32% to 44% of the total energy intake. This outcome is 
not surprising, for even if the nutritional histories of these 
nurses were accurate, and this does not hold because of large 
measurement errors in self-reported nutritional assess- 
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ments, the low end of the range is simply not low enough in fat 
content to expect a response within a homogeneous popula- 
tion. This range is quite different from the large range seen in 
the study by Toniolo et al“ in Italy where the lower levels of 
fat consumption were 26% of the total energy intake. Accu- 
rately assessing nutritional history in a homogenous popula- 
tion is a major problem in epidemiology. 


Studies in Metabolic Epidemiology 


Additional support for considering fat as a promoter of 
breast cancer comes from studies in metabolic epidemiology. 
Rose et al“ have found that a reduction in dietary fat to 20% of 
total energy intake had a significant impact on bioactive 
prolactin, while David Heber, MD, PhD (oral communication, 
University of California, Los Angeles, 1989) found that post- 
menopausal women receiving a 10% fat diet for 4 weeks 
experienced a significant decrease in the free estradiol level. 
A similar observation has been made in men receiving such a 
diet. 


Experimental Evidence 


Animal studies have been very supportive of a causative 
association between dietary fat and breast cancer. Carroll 
and Khor” as well as Cohen” at our institute have shown that 
40% of energy intake given as fat stimulated mammary tu- 
morigenesis even when total energy intake was held con- 
stant. When animals are maintained on a high-fat diet (40% of 
energy intake is derived from fat), it is important to note that 
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different types of fat have different effects: some, such as 
safflower and corn oil, promote tumors, while olive oil,” medi- 
um-chain triglycerides,” and fish oils” do not exert promoting 
effects. Energy intake restriction also inhibits mammary tu- 
mor development but is associated with decreased body 
weight gain, which may be the actual reason for the lower 
tumor yields reported in laboratory animals.” 

The animai studies further suggest that the lower thresh- 
old for the protective effect of dietary fat lies somewhere 
between 25% and 30% of total energy intake. Therefore, in 
many populations, such as in the United States, where fat 
intake is at 30% and above, differences in risk cannot be 
ascertained. Observations from studies at our institute sug- 
gest that there is little difference in the way fat enhances 
carcinogenesis in humans between levels of 30% and 40%.” 
Likewise, there is little difference between fat levels of 10% 
and 20%. 


Survival Studies 


Dietary fat may also affect metastases of breast cancer. As 
early as 1963, we noted a longer survival among patients with 
breast cancer in Japan than among these patients in the 
United States (Table 1).” These findings have been supported 
by Morrison et al” and later by Sakamoto et al,” who demon- 
strated that better survival in Japan applies only to post- 
menopausal women with breas: cancer. 

Recent laboratory studies have indicated that the volume 
of lung metastases in retired (postmenopausal) female breed- 
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er rats was greater in rats fed a high-fat diet than in those fed 
a low-fat diet. Interestingly, this effect could not be demon- 
strated in young rats.” It was also observed that increasing 
amounts of linoleic acid resulted in accelerated metastatic 
growth in tumors implanted in mouse lungs despite an overall 
constant fat intake.” These studies provided the first indica- 
tions in animal model systems that dietary fat can modulate 
breast cancer metastasis. 

These considerations led us to undertake the Women’s 
Intervention Nutritional Study, in which postmenopausal 
women with stage I and stage II breast cancer after surgery, 
radiation therapy, and tamoxifen treatment are given a low- 
fat diet (20% fat), while the control patients receive a normal 
diet. The feasibility trial (funded by a National Cancer Insti- 
tute grant), which includes nutritional assessment involving 
4-day dietary food records, 24-hour dietary recalls, and blood 
measurement for lipids, bioactive prolactin, and estrogens, is 
now in progress. Any reservations we may express about 
nutritional assessment in the general population may not fully 
apply to a specific study population that is being maintained 
on a 20% fat diet. This group, of course, will be more aware of 
what they eat. Even so, an underreporting of dietary fat 
intake may still occur. 

It would seem prudent to keep postmenopausal patients 
with breast cancer on a low-fat diet not to exceed 25% of 
energy intake from fat, especially since such a diet is also 
designed to decrease the risk of coronary artery disease. As a 
concept for possible action by surgical oncologists, I suggest 
that dietary intervention might also be of benefit in slowing 
breast cancer progression in premenopausal women if we 
were to add ovarian ablation followed by the low-fat diet to 
the usual surgery and chemotherapy. The flattening of the 
incidence curve of postmenopausal breast cancer and the 
improved survival of postmenopausal patients with breast 
cancer in Japan may be due to the fact that the aromatization 
of androstene-dione to estrone after ovarian ablation is dimin- 
ished.” This benefit would also apply to premenopausal wom- 
en if their estrogen production was terminated. It is likely 
that the outcome of ovarian ablation as an adjunct treatment 
of premenopausal breast cancer in previous years would have 
been better if the treatment had been accompanied by a low- 
fat diet. 

In future clinical studies, more attention needs to be given 
to the type of fat consumed, respectively recommended for 
consumption. If the finding that olive oil, fish oils, and medi- 
um-chain triglycerides do not promote breast cancer, is true, 
it would be a significant lead, not only in terms of prevention 
by practical changes in diet, but also in terms of research on 
mechanisms whereby different kinds of fat enhance breast 
cancer tumorigenesis. Table 2 provides a review of the vari- 
ous mechanisms that have been proposed.*” Because of the 
structure of different fats and their various roles in lipid 
metabolism, neoplastic responses may well depend on the 
type of fat(s) consumed.” 


PRIMARY PREVENTIVE STRATEGIES 
Community Health Education and Health Promotion 


It is our mandate to translate the findings from clinical 
epidemiological and laboratory studies into sound advice for 
our patients and for the population at large. The trend in 
health promotion is increasingly to concentrate on entire 
communities. Group dynamics do have a powerful effect on 
behavior, including health behavior. The National Cancer 
Institute’s smoking cessation program uses such an ap- 
proach.” Similarly, in our aim to create awareness of the risk 
of coronary heart disease, community-targeted programs to 
reduce blood cholesterol levels have been effective. Findings 
in these programs that show that participants also reported 
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increases in physical activity and decreases in cigarette smok- 
ing support the concept that concentration on influencing one 
health behavior can affect others as well. 

It is not cost-effective to focus solely on one health behavior 
at a time; rather, we need to focus on all risk-taking behaviors 
simultaneously. Such efforts must also recognize the impor- 
tance of social support in enhancing self-respect, as well as the 
influences of inadequate housing and poor education. 


School Health Education and Health Promotion 


For more than a decade, we have been developing a school 
health education and promotion program that begins in the 
first grade. The “Know Your Body” school health education 
program™” is unique in that it both instructs and screens 
children for risk factors, which are recorded in a personal 
health passport. The screening includes testing for blood 
cholesterol levels, measuring blood pressure, height, and 
weight, and determining physical fitness. The instruction, 
consisting of 30 lessons per year, uses workbooks and teach- 
ers’ guides and is coordinated by a full-time health education 
teacher. At the end of each year, children are tested for 
knowledge, attitudes, and behavior. 

As a result of the program, attitudes and health knowledge 
have been quickly enhanced, cholesterol levels were signifi- 
cantly lowered, and fewer children have started smoking or 
have at least started later in life.“ Further improvements 
can be expected where health promotion activities are con- 
ducted throughout the entire school. The program not only 
relates to nutrition and smoking but involves other health 
behavior, including sexual practices, drug abuse, alcohol con- 
sumption, and physical activity. It attempts to increase chil- 
dren's self-esteem and their recognition that each person is 
responsible for his or her own body. 

Recently, fourth, fifth, and sixth graders in Bronx, NY, 
were elected as Know Your Body “ambassadors,” an activity 
highly appreciated by the students. These ambassadors are 
initially directing their efforts toward reducing absenteeism. 
These children then create important changes, not only for 
themselves and their peers, but also for adults. 
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Table 3.—Disease Prevention Control Centers 
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The extent to which we succeed in the health education of 
our children will largely determine their health behavior as 
adults. If I were to select the one strategy of prevention that 
is key for the long-term health behavior of a nation, it would 
be to teach children healthful attitudes and behaviors early in 
life. Such teaching must be reinforced through broader ef- 
forts by the media and industry, particularly manufacturers 
of health-related products for children. Product develop- 
ment, advertising, and marketing strategies can be positive 
tools for health promotion, as has been shown by members of 
the food industry in efforts to decrease the fat content and 
increase the fiber content of their products. 


Chemoprevention 


Potentially important aspects of any primary prevention 
strategy lie in the field of chemoprevention, in which the 
American Health Foundation is also heavily engaged. This 
area was recently reviewed by Boone et al.” In our own 
studies, we are exploring such chemopreventive agents as 
organoselenium compounds and isothiocyanates.”” Although 
certain vitamins, minerals, and antioxidants may be of benefit 
in preventing the initiation and promotion of malignancies 
from a practical point of view, such approaches have limita- 
tions. The suggested decrease in risk for various kinds of 
cancers with an increased use of green and yellow vegetables 
and fruits may partially relate to the greater intake of such 
compounds, although the decreased intake of dietary fat usu- 
ally associated with such a diet may also have an impact. By 





enhancing our understanding of the processes that bring 
about the lack of control over cellular division, chemopreven- 
tive studies may bring us closer to the day when preventive 
approaches may become feasible at the molecular level. 


Disease Prevention and Control Centers 


I would like to suggest the formation of disease prevention 
control centers (Table 3), which, in respect to cancer preven- 
tion, would be on par with comprehensive cancer treatment 
centers. The staff of such disease control centers would direct 
their expertise at the community and its various components. 
Such centers should be funded by the same sources that pay 
for our therapeutic modalities. These centers could either be 
freestanding or components of an existing medical center. I 
would like to see comprehensive cancer centers consider the 
possibility of creating such disease prevention centers. Al- 
though this would require some initial investment, the cen- 
ters would eventually generate income. More importantly, 
they will provide an important service that will yield health 
benefits as well as economic benefits to the community. The 
collaboration of scientists, physicians, parents, teachers, in- 
dustrial and political leaders, and the media in disease preven- 
tion efforts will hasten the day when avoidable chronic dis- 
eases will no longer plague our society. 

As I stated at the beginning of this report, the community 
of surgeons has been in the forefront of many of the activities 
in education and health promotion. They seem to be especially 
aware of the medical and economic opportunites in preventive 
medicine. It is, therefore, my hope that with the ideal of 
advancing the practice of disease prevention as emphasized 
through the concept of disease prevention control centers, the 
surgical community will take the lead in promoting the exist- 
ing strategies of disease prevention and will be joined in this 
endeavor by all health professionals. 

One of my favorite mottos in medicine is that it should be 
the function of medicine to help people die young and as late in 
life as possible. Such a goal is medically feasible and economi- 
cally imperative, and the recommended preventive strate- 
gies, if properly implemented, can help us reach this goal. 

The research described herein was supported by grants CA-17618, CA- 
45504, and CA-24580 from the Public Health Service, National Cancer Insti- 
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è We prospectively studied 239 consecutive patients who un- 
derwent breast biopsy for 277 nonpalpable lesions characterized 
by mammographic microcalcifications. Clinical and mammogra- 
phic characteristics were correlated with histologic findings in 
an attempt to identify patients more likely to have early breast 
cancer. The distribution of clinical risk factors was equal be- 
tween patients with benign or malignant outcomes. The predomi- 
nant Wolfe pattern on mammography was P2 (38%); however, no 
relationship was observed between the Wolfe pattern and malig- 
nancy. A marked correlation was observed between malignancy 
and small lesions, more than 15 calcifications, and calcifications 
in a linear or branching pattern. Twenty-four percent (n = 67) of 
the biopsy specimens contained either ductal or lobular breast 
cancer. This study highlights the necessity of an aggressive 
approach toward suspicious calcifications found by mammogra- 


phy. 
(Arch Surg. 1990;125:170-173) 


ancer of the breast is a major health problem for women. 

An estimated 142 900 new cases of breast cancer will 
occur in the United States during 1989.’ Although new knowl- 
edge has led to a changing philosophy in its management, one 
factor remains of considerable importance: early diagnosis. 
Mammography remains the most valuable technique of breast 
imaging and is the only proved method capable of detecting 
nonpalpable breast cancers. 

Calcifications detected by mammography have been con- 
sidered a hallmark of malignancy. In 1964, Egan’ stated that 
“the typical calcifications are pathognomonic of carcinoma. 
They are so specific that in their presence a histologic diagno- 
sis of benign disease usually indicates that either the surgeon 
has selected the wrong tissue for biopsy or the pathologist is 
in error.” However, it is currently recognized that microcalci- 
fications on the mammogram are not pathognomonic of carci- 
noma but, depending on their pattern, may require a biopsy 
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for histologic diagnosis.’ The yield of carcinomas from breast 
biopsies undertaken solely for microcalcifications seen on 
mammogram is variable and ranges from 12% to 30%.** A 
better appreciation of clinical characteristics of women under- 
going biopsy for mammographic calcifications may increase 
the positive yield. 

In this study, we investigated a group of women undergo- 
ing breast biopsy because of the presence of mammographic 
microcalcifications. Clinical and mammographic characteris- 
tics were correlated with histologic findings in an attempt to 
identify patients more likely to have early breast cancer. 


PATIENTS AND METHODS 


We prospectively studied 239 consecutive patients who underwent 
breast biopsy for 277 nonpalpable lesions characterized by mammo- 
graphic calcifications. The decision to proceed with the breast biopsy 
had been made prior to data collection for this study. 

Immediately prior to surgery, information concerning specific fea- 
tures of the mammogram and associated calcifications were classified 
by two senior mammogram radiologists, independent of the initial 
mammogram interpretation and recommendation. Data collected in- 
cluded number of areas localized, location of the lesion, and character- 
istics of the calcifications (number, size, and pattern). Mammograms 
were classified according to the parenchymal pattern following crite- 
ria proposed by Wolfe into N1 (normal), P1 (prominent ducts, subar- 
eolar), P2 (prominent ducts, generalized), and DY (dysplasia). The 
radiologists also classified the lesions according to their degree of 
suspicion for malignancy into minimal, low, moderate, and high. 

Demographic and clinical data were gathered by interviewing the 
patient prior to surgery and were entered in our Breast Center 
database. Clinical data collected included age, race, family history of 
breast cancer, history of fibrocystic disease, menarche, age at first 
birth, number of pregnancies, menopausal status, and use of birth 
control pills. Tabulated data were correlated with mammographic 
and histopathologic findings after these results were obtained. 

Preoperative localization was performed by the radiologists using a 
hooked-wire technique (Kopans et al’). Excisional biopsy was per- 
formed in the operating room with the patient under local or general 
anesthesia. All specimens were examined radiographically following 
excision to verify that the lesion was totally removed. 

Pathologic examination of the biopsy specimens was done blinded 
to the mammographic interpretation. For this study, patients were 
divided by outcome into a benign or malignant (in situ vs invasive) 


group. 
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Table 1.—General Characteristics of Patients With 
Benign or Malignant Lesions 


No. (%) of Patients 


Benign 
(n=173) 


Malignant 


Feature (n=66) 


Mean age, y 57.8 59.8 
Mean age of menarche, y 13 13 


Age at first birth, y* 
10-20 


12 (15) 2 (7) 
53 (68) 18 (64) 
13 (17) 7 (25) 
0 (0) | 1 (4) 


No. of pregnancies 
0 94 (54) 


1-2 27 (16) 13 (20) 
3-4 38 (22) 7 (11) 
5-6 11 (6) 4 (6) 
>6 3 (2) 3 (4) 
Family history 28 (16) 11 (17) 


Use of birth control pills 22 (13) 7 (11) 


*The number of patients in this category with benign lesions was 78; the 
number with malignant lesions was 28. 


39 (59) 





Statistical methods included x° test with Yates’ correction, Fish- 
ers Exact Test, Student’s t test, and multivariate analysis. These 
were utilized where appropriate. Statistical significance was defined 
at the P = .05 level. 


RESULTS 
Demographic Data 


Two hundred thirty-nine women were included in this 
study. The mean age for this group of patients was 58 years. 
Seventy-six percent of these patients had no previous history 
of clinical fibrocystic breast problems, and 16% had a family 
history of breast cancer. The frequency of other important 
clinical features is illustrated in Table 1. The distribution of 
risk factors was equal between patients with benign and 
malignant outcomes. 


Radiographic and Pathologic Data 


A total of 277 lesions were removed by excisional biopsy. 
Twenty-eight patients had two or more lesions removed si- 
multaneously. One hundred forty lesions were localized in the 
right breast and 137 in the left. Forty-nine percent of the 
lesions were localized in the upper outer quadrants, while 
both lower quadrants contained only 18% (Fig 1). There was 
no statistically significant correlation between the percent- 
age of breast cancers and their location. 

Table 2 illustrates the distribution of mammograms classi- 
fied according to their parenchymal pattern. The predomi- 
nant Wolfe pattern on mammography was P2 (38%). No 
significant relationship was observed between Wolfe pattern 
and malignancy. 

Although accuracy of mammography increased as the radi- 
ologist’s degree of suspicion for cancer escalated (Table 3), 
36% of cancers were found in lesions classified with a minimal 
or low suspicion for malignancy. 

Calcifications were classified by number, size, and pattern. 
The presence of more than 15 calcifications was highly associ- 
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Fig 1.—Distribution of 277 nonpalpable breast lesions identified by 
mammographic calcifications. 


Table 2.—Distribution of Mammograms According to the 
Wolfe Parenchymal Pattern 


Distribution, % 
Wolfe Classification % Malignant 


P1: prominent ducts, subareolar 21 22 
P2: prominent ducts, generalized 38 46 
DY: dysplasia 29 21 













Table 3.—Radiologists’ Interpretation of Lesions 


No. (%) of Lesions 


VvVv—v—_—_——— ĖĖ— 








Degree of Suspicon Benign Malignant 
Minimal 18 (9) 4 (6) 
Low 85 (40) 20 (30) 
Moderate 85 (40) 23 (34) 






High 22 (11) 20 (30) 
Total 210 (100) 67 (100) 


ated with the presence of malignancy (P = .02; Fig 2). Only 
one patient with large calcifications had a malignant outcome. 
Small calcifications were associated frequently with cancer 
(P=.01; Fig 3). There was a significant association between 
calcifications in a linear or branching pattern and the presence 
of breast malignancy (P<.001; Fig 4). 

Twenty-four percent (n = 67) of the biopsy specimens con- 
tained breast cancer. Of these, 57% (n =38) were noninvasive 
ductal, 33% (n=22) were invasive ductal, and 10% (n=7) 
were invasive lobular cancers. An additional 11 specimens 
contained only lobular carcinoma in situ. The distribution of 
the histologic findings is depicted in Fig 5. 


COMMENT 


Several prospective studies have underscored the im- 
proved patient survival rates from mass screening with mam- 
mography.*” The Health Insurance Plan of Greater New 
York study, begun in 1963 and using physical examination and 
conventional mammography as screening modalities, demon- 
strated a 30% reduction in mortality among patients in whom 
breast cancer was detected by screening.” This was initially 
observed only in the age group older than 50 years but has 
subsequently also been observed for women in the 40- to 49- 
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Fig 2.—The distribution of lesions per number of calcifications. Un- 
shaded bars indicate benign lesions; shaded bars, malignant lesions; 
and asterisks, P= .02. 
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Fig 3.—The distribution of lesions per size of calcification. Unshaded 
bars indicate benign lesions; shaded bars, malignant lesions; and 
asterisks, P = .01. 


year age group. The Nijmegen (the Netherlands) study, 
started in 1975, showed a 52% reduction in mortality among 
screened women with breast cancer; however, no benefit in 
survival was observed for the youngest age group of 35 to 49 
years at entry." Likewise, Swedish trials have shown a 40% 
decrease in mortality between the screened group when com- 
pared with controls.” 

The increased use of mammography for screening of 
asymptomatic women has given rise to a large population of 
patients with nonpalpable breast lesions who undergo biopsy. 
This number of patients will likely increase as more women 
undergo screening mammography. No firm threshold exists 
for biopsy and, thus, yields of positive biopsy specimens range 
from 9% to 47%.**"** A better understanding and recognition 
of high-risk clinical and radiologic features in this population 
is necessary to increase specificity. 

A number of risk factors for breast cancer have been gener- 
ally recognized. These include a family history of breast can- 
cer, nulliparity, late age at first live birth, early age at menar- 
che, high-dose radiation exposure, high socioeconomic status, 
and dietary factors.” In our study, the incidence of malignan- 
cy favored an older age group but was not statistically signifi- 
cant. Likewise a noticeable trend was appreciated in patients 
having their first live birth after 30 years of age. These 
women had a 38% malignancy rate compared with 24% for the 
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Fig 4.—The distribution of lesions according to type of calcification. 
Unshaded bars indicate benign lesions; shaded bars, malignant le- 
sions; and asterisks, P<.001. 
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Fig 5.—Histologic distribution of nonpalpable breast lesions diag- 
nosed as having invasive or noninvasive, ductal or lobular, carcinoma. 
The unshaded area indicates in situ lesions only; the shaded area, 
invasive or without in situ lesions. 


group that had their first live birth at a younger age (Table 1). 
To date, it is not known whether patients with subclinical 
breast cancer have specific risk factors. Seidman et al” sug- 
gested that as much as 80% of breast cancer risk is not 
explained by known risk factors when considered singly or in 
combination, and that most patients with breast cancer do not 
have any of the known risk factors for the disease. Our study 
of nonpalpable breast lesions characterized by the presence of 
microcalcifications agrees with the mentioned findings. 
Based on clinical risk factor criteria, patients with malignant 
vs benign lesions were not different. 

In contrast, distinct mammographic patterns of calcifica- 
tions highly associated with breast cancer were observed. 
Linear or branching patterns and clusters of 15 or more small 
microcalcifications have a high probability of cancer (Figs 2 to 
4). The overall rate of cancer found in this series was 24%. 

The yield of cancer increased as the degree of suspicion of 
the radiologists escalated; however, 36% of the malignant 
lesions were initially classified with a minimal to low probabil- 
ity of cancer. This finding, coupled with the 51% of benign 
lesions classified as having moderate to high probability (Ta- 
ble 3) of being malignant, highlights the poor specificity of 
mammography and emphasizes the fact that patients with 
suspicious calcifications should undergo biopsy. 

Differentiation between benign and malignant calcifica- 
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tions is not an easy task, even with sophisticated equipment. 
Utilizing digital quantitative analysis, Hansell et al” found no 
significant differences between the spatial relationships of 
the grouped microcalcifications in benign and malignant dis- 
ease. This indicates that further refinement in diagnosis will 
require more sophisticated mammographic techniques and 
the development of better objective criteria to categorize the 
calcifications. 

According to Wolfe” and others,”” it is possible to predict 
which women are more likely to develop breast cancer based 
on their parenchymal patterns as disclosed by mammogra- 
phy. In Wolfe’s classification (described in the “Patients and 
Methods” section), P2 and DY are highly associated with 
malignancy. We were unable to identify a relationship be- 
tween the Wolfe pattern of the mammogram and malignancy 
in this subset of patients. However, a recent study indicates 
that the density and complexity of the mammographic breast 
parenchymal pattern may adversely affect the mammogra- 
phic diagnosis.” 

The site of origin of all lesions was reviewed (Fig 1). The 
majority of the lesions were localized in the upper outer 
quadrants. The distribution of lesions paralleled that of the 
previously described distribution for breast cancer.” No sig- 


nificant difference was found comparing the presence of carci- 
noma with the site of origin. 

The distribution of the histologic findings is consistent with 
other published series.** The majority of the lesions were of 
ductal origin. Fifty-seven percent of the biopsy specimens 
positive for cancer contained noninvasive carcinoma, indicat- 
ing a favorable prognosis for early breast cancer detected by 
mammography. Invasiveness could not be predicted based on 
the roentgenographic patterns. 

This study highlights the necessity of an aggressive ap- 
proach toward suspicious calcifications found by mammogra- 
phy. Specifically, patients with mammographic patterns with 
15 or more small clustered calcifications and those that are 
linear or branching should undergo biopsy. Other less suspi- 
cious calcification patterns should at least be followed up 
closely for changes with serial mammography, because 36% of 
the cancer in this series was found in lesions classified pro- 
spectively as minimal or low suspicion for malignancy. The 
high incidence of noninvasive ductal and lobular carcinoma in 
situ in this series indicates that calcifications are a marker for 
identifying early cancers and high-risk patients. In the fu- 
ture, rational protocols are necessary to study the optimal 
management of such patients. 
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of Breast Cancers to Evaluate 


Hormone-Receptor Status 


Joel Lundy, MD; Mary Lozowski, MS; Darya Sadri, MS; Yousri Mishriki, MD 


è The objective of this study was to determine the reliability of 
immunocytochemical assays of hormone receptors using speci- 
mens obtained by fine-needle aspiration of breast cancers. A 
peroxidase-antiperoxidase immunocytochemical assay was 
used on 96 aspirates from 47 patients to determine estrogen and 
progesterone receptor status. Of 27 estrogen receptor—positive 
cases by steroid-binding analysis, 25 were positive by immuno- 
cytochemical assay. Of 21 estrogen receptor—negative cases, 17 
were negative by immunocytochemical assay. Of 21 progester- 
one receptor-positive cases 19 were positive by immunocyto- 
chemical assay. Of 27 progesterone receptor—negative cases 25 
were negative by immunocytochemical assay. An additional 11 
small tumors were evaluated by immunocytochemical assay 
alone and results were interpretable based on our prior data. With 
the caveat that a cellular aspirate is obtained, immunocytochemi- 
cal assay can distinguish hormone receptor—negative and hor- 
mone receptor-positive tumors and can be used to assay tumors 
too small for standard steroid-binding analysis. 

(Arch Surg. 1990;125:174-176) 


| lin major application of laboratory analysis of steroid 
receptors is the determination of estrogen receptor (ER) 
and progesterone receptor (PgR) status in patients with car- 
cinoma of the breast. Through the years, the need to assess 
hormone-receptor status of a breast cancer has become valu- 
able for several reasons. The foremost reason is to determine 
a subsequent response to endocrine therapy should the tumor 
recur.’” Although conflicting data are present in the litera- 
ture, several reports describe the independent prognostic 
value of ERs and PgRs in node-negative and node-positive 
patients.** Finally, since node-negative and node-positive pa- 
tients are now being treated with adjuvant therapy, hor- 
mone-receptor status plays a role in the choice of adjuvant 
therapy.’ 

There are several publications on the use of monoclonal 
antibodies to determine hormone-receptor status in frozen 
tissues or fine-needle aspirates (FN As).*” Our present study 
correlates steroid-binding analysis with immunocytochemical 
assays (ICCs) for hormone receptors and extends its utility to 
small tumors not amenable to biochemical assay. 


PATIENTS AND METHODS 
Patient Population 


Fifty-eight patients who underwent operations at Winthrop-Uni- 
versity Hospital, Mineola, NY, during 1987 and 1988 had FNAs of 
their tumors, either preoperatively or at the time of excision biopsy. 
Approximately 150 operable breast cancers per year were seen at this 
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institution during this 2-year period. Of the 59 cancers from 58 
patients, 55 were primary tumors, 2 were aspirates from regional 
nodes, and 2 were from local recurrences. The mean age of the 
patients was 67.5 years; only 4 patients were younger than 50 years. 
In 96 aspirates (from 47 patients) tumors were evaluated for ER and 
PgR status by both steroid-binding analysis (Dextran-coated char- 
coal assay) and immunocytochemistry. Eleven cases were evaluated 
by immunocytochemistry only. A value of greater than 10 fmol/mg of 
cytosol protein was considered a positive hormone-receptor result by 
steroid-binding analysis. 


Iimmunocytochemistry 


After aspiration (22-gauge needle), the cellular material was ex- 
pelled onto poly-L-lysine—coated slides and a second slide was used to 
evenly spread the specimen. Slides were dipped into 6% polyethylene 
glycol and stored at — 70°C until needed. 


Assay Procedure 


For the assay for both ER and PgR slides were removed from 
storage and fixed sequentially in 3.7% formaldehyde-phosphate-buf- 
fered saline (4°C for 5 minutes), absolute methanol (— 15°C for 2 
minutes), and acetone (— 15°C for 2 minutes), and then washed in 
phosphate-buffered saline. The standard ER-ICA assay (Abbott 
Laboratories, North Chicago, Ill) was used in assays for both recep- 
tors. The rat monoclonal antibody to human PgR, KD68, was used at 
a concentration of 5 mg/L and a 30-minute incubation at room tem- 
perature was employed. ™” The H222 anti-ER monoclonal antibody 
is supplied with the ER-ICA kit, and incubation conditions were 
similar. Normal rat immunoglobulin served as a negative control and 
MCF-7 cytospin preparations served as a positive control. 


Scoring of Assays 


Percent cells positive was determined by dividing the number of 
tumor cells with reactive nuclear staining by the number of tumor 
cells present and multiplying the result by 100. A slide with fewer 
than 100 tumer cells present was considered unsatisfactory for assay. 
The intensity of staining was graded in the following fashion: 0 
indicates no staining; one plus sign, weak orange-brown staining; two 
plus signs, moderate brown staining; and three plus signs, dark 
brown staining. 

All ICCs were scored without prior knowledge of the results of 
steroid-binding analysis. x’ Analysis was performed to compare the 
results of steroid-binding analysis with those of immunocyto- 
chemistry. 


RESULTS 


Forty-seven patients underwent a determination of ER 
and PgR status by dextran-coated charcoal assays of 48 
breast cancers. Table 1 gives the subpopulations based on 
steroid-binding analysis. Twenty-seven of 48 cases were ER 
positive and 21 of 48 cases were PgR positive. Seventeen of 48 
cases were both ER and PgR negative. 

Of the 27 ER-positive cases (Fig 1), 25 were positive by 
immunocytochemistry (Table 2). Of the 21 ER-negative 
cases, 17 were negative by immunocytochemistry (P<.01 for 
all ER cases). Of the 21 PgR-positive cases, 19 were positive 
by immunocytochemistry (Fig 2). Of the 27 PgR-negative 
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Table 1.—Distribution of Hormone-Receptor Status by 
Biochemical Assay* 


Status No. (%) of Cases 


ER positive 


ER negative 

PgR positive 

PgR negative 

ER positive, PgR positive 
ER positive, PgR negative 
ER negative, PgR positive 
ER negative, PgR negative 


*An estrogen receptor (ER)-positive or progesterone receptor—(PgR)- 
positive tumor had a value of at least 10 fmol/mg of cytosol protein. 





Table 2.—Concordant Cases: Steroid Binding Analysis vs 
Immunocystochemistry 


Dextran-coated 
Charcoal % 
Analysis Immunocytochemistry Concordant 


ER positive 27 25 92.6 
ER negative 21 17 81 


PgR positive 





*P<.01 for all estrogen receptor (ER) and progesterone receptor (PgR) 
cases. 


Table 3.—Discordant Cases* 


Monoclonal, 
intensity/% of 
Celis Reactivet 


Biochemical Values, 
fmol/mg of Cytosol Protein 


PgR Cases 


+/8 (borderline) 
ND 


ND 


*ER indicates estrogen receptor; PgR, progesterone receptor; and ND, not 
detectable. 

TOne plus indicates weak orange-brown staining; two plus, moderate 
brown staining; and three plus, dark brown staining. 


cases, 25 were negative by immunocytochemistry (P<.01 for 
all PgR cases). 

Table 3 evaluates the discordant cases between steroid- 
binding analysis and immunocytochemistry. Two cases posi- 
tive for ER steroid-binding analysis (11.5 and 45 fmol/mg of 
cytosol protein) were nonreactive by ICC. Four cases in 
which values for ER were less than 10 fmol/mg of cytosol 
protein were all unequivocally positive by ICC. Two cases in 
which PgR was negative by steroid binding were positive by 
ICC, but one was borderline (+, 8%). Of the two biochemical 
positive cases (12.7 and 75.3 fmol), both were nonreactive by 
ICC. 

Only one ER case with a value between 10 and 150 fmol(142 
fmol) exhibited predominant strong (+ + +) staining. Six of 
eight cases with values between 165 and 765 fmol had predom- 
inant (+ + +) staining. The other two cases had moderate 
(+ +) staining with greater than 50% of cells positive. 

Only one PgR case with a value less than 100 fmol had 
strong staining. Four of six cases with values between 100 and 
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Fig 1.—Breast aspirates of estrogen receptor-positive tumors. Top, 
Positively stained nuclei from a case of colloid carcinoma demonstrate 
strong staining intensity (peroxidase-antiperoxidase, original magnifi- 
cation x 400). Bottom, Infiltrating duct cancer with a tubular compo- 
nent showing intense nuclear staining (peroxidase-antiperoxidase, 
Original magnification x 400). 
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Fig 2.—Breast aspirate of a lobular carcinoma in situ with a minor 
component of infiltrating lobular carcinoma; reactivity to the antipro- 
gesterone receptor monoclonal KD68 varies from moderate to strong 
(peroxidase-antiperoxidase, original magnification x 400). 


152 fmol had strong staining, but only one of the four had more 
than 30% of cells reactive. All six cases with values between 
250 and 808 fmol had predominant strong staining and only 
the case at 250 fmol (40% cells positive) had less than 50% of 
cells reactive. 

Table 4 demonstrates the cases in which tumors were too 
small for hormone-receptor determination by steroid-binding 
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Table 4.—Cases Done Only by Immunocytochemistry* 
Histologic 
Case Findings ERt PgRt 


1 Papillary, +++/70 +++/70 
invasive 


interpretation 

ER positive, PgR 
positive 

ER positive, PgR 
positive 

ER positive, PgR 
positive 

ER positive, PgR 
positive 

ER negative, PgR 
negative 

ER negative, PgR 
positive 

ER positive, PgR 
positive 


+/<10 ER positive, PgR 
borderline 


2  Intracystic 
papillary 
3 Intraductal 


++/40 +++/70 


+++/60 +++/70 


4 infiltrating duct + + +/70 ++/5 


5 infiltrating duct ND ND 


6  Infiltrating duct ND + + +/20 


7 infiltrating duct ++/10 +++/30 


8 infiltrating duct + + +/25 
with tubular 


component 


9 infiltrating duct + + +/80 + +/10 ER positive, PgR 


positive 


ER positive, PgR 
positive 


+/<10 ER positive, PgR 
borderline 


*ER indicates estrogen receptor; PgR, progesterone receptor. 

+One plus indicates weak orange-brown staining; two plus, moderate brown 
staining; and three plus, dark brown staining. ND indicates not detectable. 
Whole numbers indicate percent cells positive. 


10 infiltrating duct + + +/70 ++/5 


11 No histologic + +/10 


abnormalities 





analysis. In only two cases (8 and 11) was a borderline inter- 
pretable result obtained, in both situations for PgR. 


COMMENT 


Based on data obtained from 48 cases in which both steroid- 
binding analysis and ICCs were available, as well as 11 cases 
to which this information was applied, ICC is an acceptable 
method for identifying hormone receptor-positive and hor- 
mone receptor-negative breast cancers. There are several 
points that deserve emphasis. We take our assay slides as one 
of a pair. The other slide (of the pair) is Papanicolaou stained 
so that we are almost uniformly assured that cellularity will 
be adequate before a slide is run in an assay. This reduces the 
number of unsatisfactory cases and keeps the cost of the assay 
at a reasonable level. 

When we look at various protein levels (eg, 10 to 61 fmol) it 
is difficult to draw conclusions based on these small subpopu- 
lations of patients. However, it would appear unlikely that an 
ER- or PgR-rich tumor cannot be identified by immunocyto- 
chemistry when both intensity and percent cells positive are 
used. In addition, specificity appears very acceptable. Weak- 
ly positive tumors may be missed by immunocytochemistry, 
but this may be compensated for by picking up clearly hor- 
mone receptor-positive tumors negative by steroid-binding 
analysis. Our data do not permit us to correlate intensity and 
percent cells positive with biologic parameters of importance, 
ie, the likelihood of response to endocrine therapy or disease- 
free interval. However, data on the use of monoclonal anti- 
bodies on cryostat sections of tumors do confirm a correlation 
with these biologic parameters. ” 

Why might the use of monoclonal antibodies to determine 
hormone receptors be advantageous? First, we are not look- 
ing indirectly, ie, by steroid-binding analysis. The recognition 
of antigen (receptor protein) by the monoclonal antibody is 
direct and independent of many of the pitfalls associated with 
steroid binding. Tumors vary in cellularity and with a bio- 
chemical approach one is not sure how much of the cytosol is 
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stromal protein and how much is tumor protein. Since it is not 
practical to send multiple tumor samples for steroid-binding 
analysis, we are really only assessing one area of a tumor.*”” 
Slides prepared from FNA permit us to sample multiple areas 
of a tumor, work with tumor volumes as small as 3 mm in size, 
and assay only the visible tumor cells on the slide. These 
methods are less labor intensive and can yield same-day 
results. 

We would, in summary, make the following points, recog- 
nizing that 59 cases are not near enough to fully evaluate the 
strengths and pitfalls of ICC for hormone-receptor assay: (1) 
Fine-needle aspiration smears can be safely used for mono- 
clonal antibody assays for ER and PgR, provided at least 100 
tumor cells are present on the smear. (2) Small tumors not 
amenable to biochemical receptor studies can frequently be 
aspirated and hormone-receptor status be determined by 
immunocytochemistry. (3) In our small series hormone recep- 
tor-negative and hormone receptor-rich tumors were identi- 
fied in most cases. Our limited data on intermediate-level 
cases must be expanded to determine if a semiquantitative 
technique (ICC) will be able to delineate a 40-fmol tumor from 
a 100-fmol ER-positive tumor. The latter is only important if 
a biologic end point is affected by an absolute level (ie, a 
response to endocrine therapy). 


The rat monoclonal antibody to human PgR, KD68, was graciously supplied by 
Geoffrey Greene, PhD, Ben May Laboratory of Cancer Research, University of 
Chicago, Ill. 
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Improved Detection of Metastases 
to Lymph Nodes and Estrogen 
Receptor Determination 


Shepherd H. Schurman; Nehama Sharon, PhD; Robert A. Goldschmidt, MD; Edward F. Scanlon, MD 


è We present a new method for detection of micrometastases 
to axillary lymph nodes and estrogen receptor determination. 
Cellular suspensions from primary infiltrating ductal breast car- 
cinoma or level | axillary lymph nodes of patients who underwent 
mastectomies were obtained, by loosely grinding fresh tumors 
or lymph nodes through a grid and then transferring the matrix to 
a slide using cytocentrifugation. Tumor samples were analyzed 
for estrogen receptor status using an immunocytochemical kit 
and compared with the dextran-coated charcoal method. Thirty- 
eight of 46 correlated (20 were estrogen positive, and 18 were 
estrogen negative). Seven of 46 were estrogen positive while 
results from the dextran-coated charcoal method were estrogen 
negative. One of 46 was estrogen negative, while the results from 
the dextran-coated charcoal method were estrogen positive. 
Lymph node slide preparations were stained to detect tumor 
cells using antikeratin monoclonal antibodies. Three of 8 node- 
negative patients were found to have micrometastases. Four of 
15 node-positive patients had additional nodes with tumor. Our 
method combines the advantages of serial sectioning and im- 
munohistochemical staining. 

(Arch Surg. 1990;125:179-182) 


\ Ñ ] e have developed a new method by which lymph node 

and estrogen receptor analysis can be done both effi- 
ciently and more accurately. Our research indicates that not 
all stage I breast cancers are actually node negative and also 
identifies those patients who are estrogen positive but have 
been labeled as estrogen negative by the dextran-coated 
charcoal (DCC) method. 

In 1988, the National Cancer Institute, Bethesda, Md, 
issued a clinical alert that suggested that all cases of breast 
cancer, except in situ and minimal cases, should be treated 
with adjuvant chemotherapy. This alert was precipitated by 
four studies published in The New England Journal of Medi- 
cine that indicated a slight improvement (4% to 15%) in 
disease-free survival in women who received adjuvant thera- 
py for their stage I (node-negative) breast cancer. '™* Howev- 
er, no significant overall survival advantage was demon- 
strated. The alert was also due, in part, to the inability of 
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physicians to accurately identify those node-negative pa- 
tients who were very likely to have recurrence and thus 
needed treatment. Though the National Cancer Institute 
clinical alert has both adherents and detractors, it is evident 
that if one could identify, cheaply and efficiently, which node- 
negative patients are likely to have recurrence, 70% to 80% of 
patients with stage I breast cancer could avoid needless and 
sometimes harmful chemotherapy. 

Axillary lymph node involvement is the single best prog- 
nosticator for identifying patients who are at high risk for 
recurrence of their breast cancer. Patients with stage I dis- 
ease have a 5-year disease-free survival rate of about 80%, 
while those with stage II (axillary node positive) breast can- 
cer have a disease-free survival rate that varies according to 
the number of positive nodes." Those with 1 to 3 positive nodes 
have a 5-year disease-free survival rate of 70%; 4 to 10 posi- 
tive nodes, approximately 50%; and 11 or more positive 
nodes, approximately 30%. ° 

Because patients with stage I disease can have a recurrence 
rate as high as 28% over a 10-year span,’ considerable atten- 
tion in recent years has focused on other methods to predict 
early recurrence and survival rates. In 1985, the National 
Institutes of Health (Bethesda, Md) Consensus Panel identi- 
fied certain groups of high-risk, node-negative patients who 
had a significantly greater chance of relapse. McGuire’ ana- 
lyzed these factors and then identified, through multivariate 
analysis, those risk factors that indicate possible relapse for 
patients with stage I breast cancer. These factors include 
negative estrogen and progesterone receptor status, high 
S-phase content, aneuploidy, and large tumor size. Slamon et 
al* have also studied the HER-2/neu oncogene as a predictor 
of both recurrence and survival in stage II breast cancer. 


‘Many of these methods, however, require expensive and 


time-consuming flow cytometric analysis. 

However, not all patients with node-negative breast cancer 
are free of tumor in their axillae. As early as 1948, Saphir and 
Amromin,’ in a study of 30 node-negative patients, identified 
through serial sectioning (over 300 sections per node exam- 
ined) that 33% of their patients with stage I disease had 
positive nodes. In a similar study, de Mascarel et al” showed 
that 19% of node-negative patients had positive nodes when 
serial sectioning was used. Trojani et al” in 1987 found that 
14% of the patients with stage I disease had positive nodes 
when immunohistochemical (monoclonal antibody) staining 
was used instead of standard hematoxylin-eosin staining. 
More importantly, they showed a positive correlation be- 
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tween the existence of previously undetected micrometas- 
tases and recurrence and survival rates (P= .001 and P=.01, 
respectively). These studies indicated that those patients 
with stage I disease who have recurrence may not have been 
node negative and may instead have had micrometastases 
that were either too small to detect or that existed in part of 
the node that was not cut. 

It is impractical to expect pathologists to examine over 
300 sections per node and, unfortunately, immunohistochemi- 
cal studies examine only a few sections per node. We have, in 
effect, combined these two methods by disaggregating lymph 
nodes or tumors through a grid, and then staining the resul- 
tant cell suspension with monoclonal antibodies to detect cells 
bearing epithelial markers and/or estrogen receptors. This 
allows for rapid analysis of representative ratios of tumor 
cells, lymphocytes, and reticular cells from all or part of each 
lymph node and the detection of single tumor cells that may be 
present. 

The study was performed in the following three parts: 
(1) estrogen receptor analysis of primary breast carcinomas 
using an immunocytochemical kit (ER-ICA, Abbott Labora- 
tories, North Chicago, Ill), (2) analysis of lymph nodes from 
patients with infiltrating ductal carcinoma who underwent 
mastectomy using ER-ICA to detect tumor cells, and (8) 
analysis of all nodes from level I of the axillae from patients 

‘with infiltrating ductal carcinoma who underwent mastecto- 
my, using keratin monoclonal antibodies to detect tumor 
cells. 


MATERIALS AND METHODS 
Estrogen Receptor Analysis of Tumor Cells 


Preparation of Specimens. — Tumor samples were removed from 
fresh mastectomy specimens. One portion was submitted for routine 
histologic DCC analysis and the remainder was specially processed, 
as described below. 

Preparation of Slides. —Tumor specimens were placed in pre- 
pared RPMI 1640 nutrient medium with 10% fetal calf serum. Speci- 
mens ranged in size from 0.01 to 0.20 g and were placed in 5 mL of 
media. If the delay in processing was longer than 30 minutes, the 
specimen was refrigerated at 4°C. An aliquot of 1 mL ofsaline solution 
was placed in a Petri dish and the tumor was ground though a 2.54-cm 
square, size 100, stainless steel grid using the rubber end of a plunger 
from a 5-mL syringe. The disaggregated tumor-saline suspension 
was collected and spun at 4000 rpm for 10 minutes. The supernatent 
was discarded and the pellet resuspended in saline to form a suspen- 
sion of 1 x 10° cells per milliliter. One hundred twenty microliters of 
the resuspended tumor cells were cytocentrifuged onto slides for 
5 minutes at 720 rpm (Cytospin2, Shandon, Pittsburgh, Pa). Com- 
plete preparation time was 30 minutes. Slides were then stored at 
— 20°C until stained. 

Staining.—Prepared slides were stained for estrogen receptor 
content using ER-ICA. Stained slides were analyzed by light micros- 
copy and stain intensity values were occasionally measured by image 
analysis (CAS 100, Elmhurst, Ill) to compare quantitative values 
with the biochemical DCC assay. Image analysis produced a quantita- 
tive immunocytochemistry score by analyzing gray level variation 
between a negative control slide and the assay slides. Cells positive 
for estrogen receptor would show a marked difference in gray level 
values. Results were compared with the conventional biochemical 
DCC assay. 


Lymph Node Analysis by Estrogen and Keratin Staining 


Preparation of Specimens.— Level I lymph nodes were isolated 
from fresh mastectomy specimens obtained from patients with infil- 
trating ductal carcinoma. Lymph nodes were longitudinally bisected 
with one half submitted for routine histologic sectioning and the other 
processed in the method described below. 

Preparation of Slides.—Slides were prepared as described for 
estrogen receptor determination except that a cell density of 2 x 10° 
was used. The preparation for a level I axilla was about 90 minutes. 

Staining.—Slides were stained to detect the presence of tumor 
cells using monoclonal antibody to estrogen receptor or one of two 
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antikeratin monoclonal antibodies (Biomeda, Foster City, Calif, or 
Hybritech, San Diego, Calif) in an avidin-biotin-peroxidase system. 
Controls were run using anti-glial fibrillary acidic protein (Biomeda), 
anti-epithelial membrane antigen (DAKO-EMA, Carpinteria, Calif), 
and/or anti-leukocyte common antigen (Biomeda). These procedures 
were done either manually or with an automatic slide stainer (Histo- 
matic Slide Stainer, Fisher Scientific, Pittsburgh) with a staining 
time of 2 to 3 hours. Slides were analyzed by light microscopy and 
results compared with standard hematoxylin-eosin staining of paraf- 
fin-embedded sections. 


RESULTS 
Estrogen Receptors 


A tumor cell testing positive for estrogen receptor will 
appear as a brown nuclear stain. Forty-six primary infiltrat- 
ing ductal breast carcinomas were studied. Thirty-eight of 46 
ER-ICA stained slides correlated with the DCC assay (20 
positive, 18 negative). Results of seven samples that were 
negative by DCC were positive by ER-ICA, while one was 
negative by ER-ICA and positive by DCC. 


Lymph Nodes 


The validity of the ER-ICA technique for lymph node 
analysis was tested using individual lymph nodes collected at 
random. Results were compared with the histological find- 
ings in 18 cases. All 13 cases correlated, including 3 cases 
where the lymph node contained tumor. In addition, all level I 
lymph nodes from 3 axillae were compared and correlated 
with subsequent keratin stains. 

Level I lymph nodes from 23 patients who underwent 
mastectomy were analyzed for tumor cells using a cytoplas- 
mic keratin stain. No distinction was made among the differ- 
ent operative procedures. The lymph nodes in the 23 cases 
tested positive in 15 and negative in 8 by routine pathological 
analysis. 

All lymph nodes were isolated from the axillae by the same 
individual, to ensure reproducibility of node count and bisec- 
tion of the nodes. A total of 56 level I nodes were isolated from 
the 8 patients with stage I disease. One hundred twenty- 
seven level I nodes were isolated from the 15 patients with 
stage II disease. Tumor cells were found by keratin staining 
in 3 of the 8 node-negative patients (4 of 6 nodes of patient 1; 5 
of 7 nodes of patient 2; and 1 of 8 nodes of patient 3). Additional 
positive nodes were found by keratin-staining in 4 patients 
with stage II disease (3 of 3 vs 2 of 3; 7 of 12 vs 4 of 12; 4 of 8 vs 3 
of 8; and 2 of 3 vs 1 of 3). 


COMMENT 
Estrogen Receptors 


Several studies have shown a discordance of 7% to 35% 
between the DCC and the ER-ICA assays.”” In general, 
these studies are equally divided between those that show 
DCC identifying more estrogen-positive tumors and those 
that indicate ER-ICA identifying more estrogen-positive tu- 
mors.“ Because most of the ER-ICA studies were conducted 
on frozen sections, we believed that by first disaggregating 
tumors before estrogen receptor staining, one could more 
accurately interpret slides. This was true because separation 
between tumor cells was increased so that antibody access to 
individual cells was improved. 

Graded intensity scores of stained slides used by the image 
analysis system were not necessary to determine estrogen 
receptor status since results could easily be interpreted 
through simple light microscopy. The seven positive tumors 
found by ER-ICA and not by the DCC method can be ex- 
plained by a variety of factors related to sampling and cellu- 
larity of specimens. The ER-ICA method detected individual 
cells as well as small aggregate clumps that were below the 
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Fig 1.—This mucinous tumor, with distinct clumps of cells within a 
gelatinous mass, was identified as estrogen negative by the dextran- 
coated charcoal assay. Clearly visible, however, are brown, nuclear- 
stained, estrogen-positive tumor cells that were stained with estrogen 
receptor immunocytochemical assay (original magnification x 400). 





Fig 2.—Estrogen positive tumor cells surrounded by lymphocytes 
(original magnification x 400). 


sensitivity of the DCC method. The dilution factor had a 
profound effect on mucinous tumor interpretation since the 
colloid material greatly diluted the concentration of receptors 
detected by the DCC method. However, the positively stain- 
ing tumor cells were easily seen by our method (Fig 1). Some 
samples were also analyzed using a fluorescent histochemical 
detection kit (Fluoro-Cep, Zeus Scientific, Roritan, NJ). Re- 
S sults, however, were ambiguous due to the difficulty in inter- 
preting the intensity of fluorescence, and this technique was 
abandoned. Greater attention should be given to the estro- 
gen-positive tumors found by ER-ICA and not DCC. These 
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Fig 3.— Note the characteristically clumped appearance of tumor cells 
within a histologically positive lymph node. These cells are stained 
with antikeratin antibodies (original magnification x 400). 





Fig 4.— Tumor cells within a histologically negative node often appear 
as widely diffuse single cells. These tumor cells exhibit a very distinct 
brown cytoplasm when stained with antikeratin antibodies (original 
magnification x 400). 


patients could account for some of the 10% of estrogen-nega- 
tive patients whose tumors responded to endocrine therapy.” 


Lymph Nodes 


Because of our success with primary tumors, estrogen 
receptor analysis by disaggregation and immunohistochemi- 
cal staining was adopted to screen for micrometastases in 
lymph nodes (Fig 2). For estrogen-negative patients, keratin 
staining in an avidin-biotin-peroxidase system was used. 
Eventually lymph nodes from all patients were stained with 
antikeratin antibodies. 
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Typically, 5 to 50 unclumped cells were found per cellular 
slide suspension of 250 000 lymphocytes. Among patients 
with stage I disease, 3 of 8 had positive nodes, while 4 of 15 
patients with stage II disease had additional nodes with tu- 
mor. Tumor cells from suspensions of histologically positive 
nodes were almost invariably grouped and abundant, com- 
pared with suspensions from histologically negative nodes 
that were sparse and diffusely distributed (Figs 3 and 4). 
Because the tumor cells in the negative nodes appeared singly 
rather than clumped, it was difficult to tell whether the tumor 
cells were diffuse in the lymph node or localized. In one case of 
an immunochemically positive histologically negative node, 
serial sections of the paraffin block showed a focus of tumor. 
The presence of large numbers of tumor cells on the cytocen- 
trifuge slide suggests that serial sectioning will reveal foci of 
tumor, but if only a few cells are seen, the threshold may be 
too low for histological detection. 

Antikeratin staining has several advantages. Positive cells 
will have a dark brown, easy-to-see cytoplasmic stain. Only 
cells of epithelial origin will have a positive stain in the lymph 
node. One recent study,” however, indicated that reticular 
cells would also stain but that they were morphologically easy 
to distinguish from tumor cells, and keratin-positive reticular 
cells could be eliminated by using monoclonal antibody 
AE1-AE8 with 37% formaldehyde, 10% formalin fixation. 
Epithelial cells are not normally found in the lymph node. 
Therefore, tumor cells are the only cells, other than reticular 
cells, that will stain positive. The cytoplasmic keratin stain is 
easy to visualize compared with the nuclear estrogen stain. 
The keratin stain also has the additional benefit of identifying 
all tumor cells rather than only cells that test positive for 
estrogen receptor. 

Results for the existence of tumor cells in lymph nodes were 
verified by several methods, as follows: nuclear estrogen 
receptor staining, anti-epithelial membrane antigen stain- 
ing, and recuts of paraffin blocks of corresponding nodes. To 


rule out the existence of enlarged lymphocytes or histocytes, 
controls were also stained with anti-leukocyte common 
antigen. 

The proper identification of nodal status is very important. 
Our method combines the advantages of both serial sectioning 
and immunohistochemical staining. We are able to sample 
most of the lymph node and then analyze a representative 
ratio of intact cells in the sample. Tumor cells are easy to 
visualize, and the method is simple and can be completed on 
the same day as the surgery. 

We believe that cytocentrifugation of disaggregated lymph 
nodes or primary tumors in combination with immunohisto- 
chemical studies yields a more accurate picture of microme- 
tastases to lymph nodes and estrogen receptor content 
determination. 

A retrospective study of node-negative patients whose 
disease has recurred may indicate that these patients were 
indeed node positive. The detection of cryptic metastases in 
axillary lymph nodes may define a subset of patients with 
histologically negative lymph nodes who would benefit from 
adjuvant chemotherapy. 

After the presentation of this study, Sedmak et al” pub- 
lished a retrospective study of 45 patients with breast cancer 
who were originally classified as node negative by standard 
light microscopy. The patients’ lymph nodes were reexam- 
ined by immunohistochemically staining a section of each 
lymph node using anticytokeratin antibodies. Of the 21 pa- 
tients who remained free of disease 10 years after their mas- 
tectomy, only 1 was found to have cryptic metastasis. Howev- 
er, 8 of 24 patients who had died with recurrent cancer within 
10 years of diagnosis had missed micrometastases. Perhaps 
cytocentrifugation will identify a greater proportion of these 
patients. 


This work was supported by the Margaret Storch Ball Memorial Fund. 
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Your investment 
in ZINACEF is 
starting to pay off. 








Your choice of ZINACEF for surgical prophylaxis is an 
investment that can yield outstanding returns in lower 
postop infection rates, shortened hospital stays, and an 
improved bottom line for your patients. 





Significant success against staphylococci 

In a recent study, ZINACEF was shown to be 
“significantly more effective...than cefazolin in 
preventing postoperative wound infections following 
open-heart surgery’’'—especially against Staphylococcus 
aureus and $ epidermidis. 





Reduces postoperative complications— 

infectious and financial 

A recent nationwide analysis revealed that each 
postoperative wound infection represents a 
nonreimbursable loss to a hospital of $2467 on average? 
By reducing the rate of infection, ZINACEF can help 
reduce these losses. 


l. Slama TG, Sklar SJ, Misinski J, et al: Randomized comparison of cefamandole, cefazolin, and cefuroxime 
prophylaxis in open-heart surgery. Antimicrob Agents Chemother 1986;29:744-747. 

2. Haley RW, White JW, Culver DH, et al: The financial incentive for hospitals to prevent nosocomial infections 
under the prospective payment system. JAMA 1987.257:1611-1614. 
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Brief summary. Before prescribing, consult complete Prescribing information. 


INDICATIONS AND USAGE: ZINACEF® is indicated for the treatment of patients with infections caused by suscep- 

tible strains of the designated organisms in the following diseases: 

1. Lower Respiratory Tract Infections, including pneumonia, caused by S pneumoniae (formerly D pneumoniae), H 
influenzae (including ampicillin-resistant strains), Klebsiella sp, S aureus (penicillinase- and non-penicillinase-pro- 
ducing), S pyogenes, and E coli. 

2. Urinary Tract Infections caused by £ coli and Klebsiella sp. 

3. Skin and Skin Structure Infections caused by S aureus (penicillinase- and non-penicillinase-producing), S pyogenes, 
E coli, Klebsiella sp, and Enterobacter sp. 

4. Septicemia caused by S aureus (penicillinase- and non-penicillinase-producing), S pneumoniae, E coli, H influenzae 
(including ampicillin-resistant strains), and Klebsiella sp. 

5. Meningitis caused by S pneumoniae, H influenzae (including ampicillin-resistant strains), N meningitidis, and S aureus 
(penicillinase- and non-penicillinase-producing). 

6. Gonorrhea: Uncomplicated and disseminated gonococcal infections due to N gonorrhoeae (penicillinase- and non- 
penicillinase-producing strains) in both males and females. 

7. Bone and Joint Infections caused by S aureus (including penicillinase- and non-penicillinase-producing strains). 
Clinical microbiological studies in skin and skin structure infections frequently reveal the growth of susceptible 

strains of both aerobic and anaerobic organisms. ZINACEF has been used successfully in these mixed infections in which 

several organisms have been isolated. Appropriate cultures and susceptibility studies should be performed to deter- 
mine the susceptibility of the causative organisms to ZINACEF 

Therapy may be started while awaiting the results of these studies; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. In certain cases of confirmed or suspected gram-positive or gram- 
negative sepsis or in patients with other serious infections in which the causative organism has not been identified, 

ZINACEF may be used concomitantly with an aminoglycoside (see PRECAUTIONS). The recommended doses of both 

antibiotics may be given depending on the severity of the infection and the patient's condition. 

Prevention: The preoperative prophylactic administration of ZINACEF may prevent the growth of susceptible disease- 

causing bacteria and thereby may reduce the incidence of certain postoperative infections in patients undergoing surgi- 

cal procedures (eg, vaginal hysterectomy) that are classified as clean-contaminated or potentially contaminated 
procedures. Effective prophylactic use of antibiotics in surgery depends on the time of administration. ZINACEF® (sterile 


cefuroxime sodium, Glaxo) should usually be given one-half to one hour before the operation to allow sufficient time to 
achieve effective antibiotic concentrations in the wound tissues during the procedure. The dose should be repeated Wh at 





intraoperatively if the surgical procedure is lengthy. 

Prophylactic administration is usually not required after the surgical procedure ends and should be stopped within 24 
hours. In the majority of surgical procedures, continuing prophylactic administration of any antibiotic does not reduce 
the incidence of subsequent infections but will increase the possibility of adverse reactions and the development of 


+ 
bacterial resistance. 
The perioperative use of ZINACEF has also been effective during open heart surgery for surgical patients in whom 


infections at the operative site would present a serious risk. For these patients it is recommended that ZINACEF therapy 
be continued for at least 48 hours after the surgical procedure ends. If an infection is present, specimens for culture 


should be obtained for the identification of the causative organism and appropriate antimicrobial therapy should be ab out 
instituted. 


CONTRAINDICATIONS: ZINACEF® is contraindicated in patients with known allergy to the cephalosporin group of 
antibiotics. 


@ 
WARNINGS: BEFORE THERAPY WITH ZINACEF® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETER- 
MINE WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICIL- 
LINS, OR OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. 

ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM 


OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO ZINACEF OCCURS, DISCONTINUE THE DRUG. ? 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. mammo f a 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum antibiotics); & 


therefore, itis important to consider its diagnosis in patients who develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of clostridia. 
Studies indicate a toxin produced by C difficile is one primary cause of antibiotic-associated colitis. Cholestyramine and 
colestipol resins have been shown to bind the toxin in vitro. 


Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed with : . 
fluid, electrolyte, and protein supplementation as indicated. Ma ny of you r pat ] ents WI | ] hea ra bou t 
When the colitis is not relieved by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice : 
re papel pseudomembranous colitis produced by C difficile. Other causes of colitis should also be screenl ng mamm og raphy th rough a prog ram 
PRECAUTIONS: Although ZINACEF® rarely produces alterations in kidney function, evaluation of renal status during lau nched by the American Cancer Society and 
therapy is recommended, especially in seriously ill patients receiving the maximum doses. Cephalosporins should be k | l f d , | d h 
given with caution to patients receiving concurrent treatment with potent diuretics as these regimens are suspected of 
adversely affecting renal aenor the American Co ege O Ra 1O Ogy, an t ey 
The total daily dose of ZINACEF should be reduced in patients with transient or persistent renal insufficiency because - A - 
high and prolonged serum antibiotic concentrations can occur in such individuals from usual doses may come to you with quest ions. What will 
As with other antibiotics, prolonged use of ZINACEF may result in overgrowth of nonsusceptible organisms. Careful 
observation of the patient is essential. If superinfection occurs during therapy, appropriate measures should be taken. you tel ] them ? 
Broad-spectrum antibiotics should be prescribed with caution in individuals with a history of gastrointestinal disease, : 
particularly colitis. 
Nephrotoxicity has been reported following concomitant administration of aminoglycoside antibiotics and Wwe hope you I] encourage them to have a 
cephalosporins. : 
interference with Laboratory Tests: A false-positive reaction for glucose in the urine may occur with copper reduction screening mammogram, because that, along 
tests (Benedict's or Fehling’s solution or with Clinitest® tablets), but not with enzyme-based tests for glycosuria (eg, : . : 
Tes-Tape®). As a false-negative result may occur in the ferricyanide test, it is recommended that either the glucose oxi- with your regular breast examinations and 
dase or hexokinase method be used to determine blood plasma glucose levels in patients receiving ZINACEF Ý K i 
Cefuroxime does not interfere with the assay of serum and urine creatinine by the alkaline picrate method their monthly self examinations, offers the 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Although no long-term studies in animals have been performed i f 
to evaluate carcinogenic potential, no mutagenic potential of cefuroxime was found in standard laboratory tests. 
Reproductive studies revealed no impairment of fertility in animals. best chance of early detection O breast cancer, 
Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed in mice and rabbits a d i sease wh j ch wi ] ] st rike one woman in 10 


at doses up to 60 times the human dose and have revealed no evidence of impaired fertility oy ee to the Ls due to 

cefuroxime. There are, however, no adequate and well-controlled studies in pregnant women. Because animal reproduction . 

studies are not always predictive of nape response, this drug should be sed Sorin pregnancy only if clearly errs If you have qu estions about breast can Cor 
Nursing Mothers: Since ZINACEF is excreted in human milk, caution should be exercised when ZINACEF is administered à r 

to a nursing woman. detection for asymptomatic women, please 
Pediatric Use: Safety and effectiveness in children below 3 months of age have not been established. Accumulation of 

other members of the cephalosporin class in newborn infants (with resulting prolongation of drug half-life) has been contact us. 

reported. 

ADVERSE REACTIONS: ZINACEF® is generally well tolerated. The most common adverse effects have been local 

reactions following intravenous administration. Other adverse reactions have been encountered only rarely. 

Local Reactions: Thrombophlebitis has occurred with intravenous administration in 1 in 60 patients 

Gastrointestinal: Gastrointestinal symptoms occurred in 1 in 150 patients and included diarrhea (1 in 220 patients) and 

nausea (1 in 440 patients). Symptoms of pseudomembranous colitis can appear during or after antibiotic treatment. 

Hypersensitivity Reactions: Hypersensitivity reactions have been reported in less than 1% of the patients treated with AMERICAN Professional Education Dept. 
ZINACEF and include rash (1 in 125). Pruritus, urticaria, and positive Coombs’ test each occurred in less than 1 in 250 National Headquarters 

patients, and, as with other cephalosporins, rare cases of anaphylaxis, erythema multiforme, and Stevens-Johnson q 

syndrome have occurred. 90 Park Avenue 
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Tumor-Associated Antigen 


Immune Complexes 


A Potential Marker of Recurrent Melanoma 


Jan H. Wong, MD; Shi-Hong Xu; Rishab K. Gupta, PhD; Donald L. Morton, MD 


e To determine the potential utility of antigen-specific immune 
complex analysis, we developed a competitive enzyme-linked 
immunosorbent assay utilizing polyclonal human antibody to 
detect tumor-associated antigen-specific immune complexes. 
Sera from 10 normal volunteers and 19 patients with recurrent 
melanoma were studied. Patients with recurrent melanoma had a 
mean + SD percent inhibition of 27.6% + 29.8% in contrast to nor- 
mal individuals with a mean value of 8.4% + 17.8%. A monoclonal 
antibody (MAb JSI) was developed following immunization with a 
partially purified antigen. Utilizing MAb JSI, we developed a 
“sandwich” enzyme-linked immunosorbent assay and studied 
sera from 45 normal volunteers and 44 patients with cancer with 
recurrent melanoma. Results were expressed as a percent maxi- 
mum binding of a positive control. The mean + SD percent maxi- 
mum binding for normal subjects was 4.9% + 7.7% in contrast to 
sera from patients with melanoma who had a mean of 
38.3% + 33.3%. Serial analysis of four patients with melanoma 
with tumor-associated antigen-specific immune complexes 
demonstrated the presence of tumor-associated antigen-specif- 
ic immune complexes up to 12 years prior to clinical recurrence. 

(Arch Surg. 1990;125:187-191) 


he standard treatment for primary melanoma remains 

surgical. However, substantial interest exists in develop- 
ing adjuvant therapy strategies that would be of benefit to 
patients at high risk for developing recurrent disease. One of 
the notable clinical characteristics of melanoma is its appar- 
ently unpredictable clinical course. Despite several patholog- 
ic features of melanoma, including Clark’s level, depth of 
invasion, and ulceration having been shown to be prognos- 
tic, substantial numbers of low-risk patients will have recur- 
ring disease,*” while many patients with high-risk melanoma 
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will remain free of disease. A number of adjuvant immuno- 
therapy trials have demonstrated a small, although not statis- 
tically significant, survival benefit for patients receiving ad- 
juvant immunotherapy.’ The inability to demonstrate 
differences in therapeutic interventions might be the result of 
imbalances in patient populations rather than inadequacy of 
the treatment. The utility of a tumor-associated marker to 
accurately stage melanoma is apparent. To our knowledge, no 
satisfactory tumor marker for melanoma has been identified. 

One of the fundamental premises of tumor immunology is 
that malignant transformation of normal cells is associated 
with the development of tumor-associated antigens that dis- 
tinguish them from their normal counterparts.’ Melanoma 
cell surface antigens have been detected by autologous, allo- 
geneic, and xenogeneic antibody. The ability to detect tumor- 
associated antigen that may be shed or secreted into the 
circulation should provide a reliable marker of the presence of 
tumor. 

We have identified and partially purified a glycoprotein 
antigen from the spent serum-free medium of a melanoma cell! 
line, UCLA-SO-14 (M14). The antigen was recognized by 
allogeneic antibody. Because this antigen is expressed by 
fetal tissues, it has been termed fetal antigen (FA).* Initial 
studies indicated that FA was frequently expressed on mela- 
nomas (89%) but only infrequently by normal tissues obtained 
from patients without cancer (5%). For this reason, we hy- 
pothesized that the study of this antigen may be useful as a 
tumor marker in human melanoma. We developed methods to 
characterize the antigen portion of circulating immune com- 
plexes (ICs) with respect to FA by treating serum with a low 
pH buffer and ultrafiltration to separate the antibody and 
antigen.’ In this investigation, we first utilized a competitive 
enzyme-linked immunosorbent assay (ELISA) to detect tu- 
mor-associated antigen-specific ICs. We demonstrated an 
association of FA recovered from circulating ICs with recur- 
rent melanoma. We subsequently developed a murine mono- 
clonal antibody, MAb JSI, by immunizing with the partially 
purified antigen. With MAb JSI, we developed a “sandwich” 
ELISA to reproducibly detect tumor-associated antigen-spe- 
cific ICs. Utilizing the sandwich assay, we demonstrated a 
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highly significant association of an antigen-specific ICs and 
recurrent melanoma. These findings indicate that the antigen 
defined by the monoclonal antibody MAb JSI is present in 
serum of patients with melanoma and is associated with the 
presence of recurrent disease. 


MATERIALS AND METHODS 
Preparation of FA 


A melanoma cell line, M14, has been adapted to grow in a chemical- 
ly defined, serum-free medium. Fetal antigen was isolated and par- 
tially purified from the spent culture medium of the M14 melanomal 
cell line. The isolation and purification of FA has previously been 
described.* Briefly, the spent culture medium was concentrated and 
ultrafiltered through a membrane with a 100 000-d exclusion limit. 
The material retained on the membrane was chromatographed on a 
Sepharose 6B column, and the antigen fraction was extracted with a 
2:1 mixture of chloroform and methanol. The aqueous phase con- 
tained FA. 


Sera 


Sera, obtained following informed consent from patients with re- 
current melanoma and from apparently normal volunteers, were 
studied concomitantly. The normal population included 25 women 
and 20 men who ranged in age from 26 to 42 years (mean, 35 years). 
Sera were stored at — 35°C until studied. 


Dissociation of ICs 


A modification of the method originally described by Sjogren et al” 
and more recently applied by Kirkwood and V?ock” was utilized to 
dissociate circulating ICs. One milliliter of serum was added to 50 mL 
of 0.1 mol/L of glycine-hydrochloride buffer (pH 3.1) in an ultrafiltra- 
tion chamber fitter with a YM 100 membrane (Amicon Corp, Dan- 
vers, Mass). Ultrafiltration was performed at 4°C under 25 psi of 
nitrogen pressure. The material filtered through the YM 100 mem- 
brane (100 000-d exclusion limit) was concentrated on a membrane 
with a 10 000-d exclusion limit, washed with 0.25 mol/L of phosphate- 
buffered saline (PBS) (pH 7.2), and reconstituted to its original 
volume of 1 mL. This fraction contained the FA antigen and was used 
in a competitive inhibition ELISA. 


Competitive ELISA 


A competitive ELISA was utilized to determine the presence of FA 
in the ultrafiltered material. Microtitration plates (Immulon, Dyna- 
tech Laboratories, Alexandria, Va) were sensitized with 100 uL of 
purified FA diluted 1:50 with 0.06 mol/L of carbonate buffer (pH 9.6) 
(175 ng of protein) and incubated at 37°C for 3 hours and stored sealed 
at 4°C until used. Prior to use, the wells were emptied and washed 
three times with 0.25 mol/L of sodium phosphate buffer supple- 
mented with 0.15 mol/L of sodium chloride and 0.05% polysorbate 20 
(Tween 20) (PBS/T). The ultrafiltered material was placed in a boiling 
water bath for 3 minutes and the FA extracted with PBS followed by 
centrifugation at 7000g for 10 minutes. The test serum was mixed 
with an equal volume of an allogeneic control serum known to have a 
high anti-FA antibody titer and incubated at 37°C for 1 hour. One 
hundred microliters of the mixture was dispensed into wells and 
incubated at 37°C for 1 hour. The binding of antibodies to FA ab- 
sorbed to the plates was determined by goat anti-human IgG conju- 
gated to alkaline phosphatase (Sigma Corp, St Louis, Mo). p-Nitro- 
phenyl phosphate (1 mg/mL) in 10% diethanolamine buffer (pH 9.3) 
was used as the substrate. The color developed was read at 
405 nm in a spectrophotometer (Multiscan, Flow Laboratories, 
Inglewood, Calif) and compared with the maximum binding of the 
control serum that was mixed with a buffer. The percent inhibition 
was calculated as follows, where OD indicates optical density: 


Percent 
Inhibition = {1 — [(OD ontrei ~ OD gampie’/ OD oira x 100. 


immunization and Fusion 


To cireumvent some of the problems associated with polyclonal 
serum as an antibody source and the extremely cumbersome methods 
of acid dissociation and ultrafiltration, we developed murine mono- 
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clonal antibodies to the partially purified antigen utilizing standard 
hybridoma technology and the partially purified antigen preparation 
as the immunogen. Six-week-old female BALB/c mice were immu- 
nized intraperitoneally on day 1, day 8, and day 20 with the partially 
purified glycoprotein antigen (6 mg/L). Seven days following the last 
immunization, the mice were splenectomized. The sensitized spleno- 
cytes were mixed with SP2/O murine myeloma cells (American Type 
Culture Collection, Rockville, Md) in a ratio of 7:1 (lymphocytes to 
myeloma) and fused in 40% polyethylene glycol 1500 as described by 
Oi and Herzenberg.” The fused cells were transferred to 96-well 
microculture plates at a concentration of 5x 10° cells per well and 
cultured for 2 weeks in HAT (hypoxanthine, aminopterin, and thymi- 
dine) media to select lymphocyte-myeloma hybrid cells. At conflu- 
ence, the hybridomas were screened for the presence of antibody 
reacting with the partially purified FA. Hybridomas that screened 
positive for the presence of antibody to FA were cloned at least four 
times by the limiting dilution method. Initially, three monoclonal 
antibodies of the class IgG type were identified, but the cell lines 
proved to be unstable. A fourth monoclonal antibody was produced 
and determined to be of the subtype IgG2b by immunodiffusion. The 
antibody was mass produced in pristine primed mice with approxi- 
mately 6 to 10 mg/mL of antibody. We have designated the antibody 
to be MAbJSI. 


Screening for Anti-FA Antibody 


The presence of anti-FA antibody was determined in a direct 
ELISA as previously described." Briefly, 96-well microtitration 
plates were sensitized with the partially purified antigen (60 ng) in 
carbonate buffer at 4°C for 16 hours. Following washing, the sensi- 
tized plates were then incubated at 37°C with culture supernatant 
obtained from the hybridoma wells. The presence of antibody was 
determined utilizing goat anti-mouse Ig antibody conjugated to alka- 
line phosphatase at a dilution of 1:5000. 


Sandwich ELISA 


The technique developed by Engvall and Perlmann™ was adapted 
to detect antigen-specific circulating ICs in human sera. The mono- 
clonal antibody designated MAb JSI (5 to 10 mg/mL) that had been 
obtained from the ascites of pristine primed mice was partially puri- 
fied by precipitation with 60% ammonium sulfate. Ninety-six well 
microtitration plates were sensitized with 100 uL (50 to 100 mg/L) of 
partially purified Mab JSI ascites that was diluted in 0.06 of mol/L 
carbonate buffer (pH 9.6) and incubated at 4°C for 16 hours prior to 
use. The wells were emptied and washed three times with 0.25 mol/L 
of sodium phosphate buffer supplemented with 0.15 mol/L of sodium 
chloride and PBS/T and blocked with 100 uL ofa 1% solution of bovine 
serum albumin (Sigma Corp) in PBS/T for 10 minutes at 26°C. Sera 
(100 uL at a dilution of 1:20) was dispensed into the wells and 
incubated at 37°C for 1 hour. All samples were run in triplicate. 
Binding of ICs by the immobilized monoclonal antibody was detected 
with a 1:400 diluted goat anti-human IgG antibody conjugated to 
alkaline phosphatase with p-nitrophenyl phosphate (1 mg/mL) in 10% 
diethanolamine buffer (pH 9.8) as the substrate. The color developed 
in each well after incubation at room temperature and was read at 
405 nm and compared with a positive control serum that had devel- 
oped an OD reading of approximately 1.0. Results were expressed as 
percent of maximum binding and were calculated as follows: 


Percent 
Maximum 
Binding = [(OD ampie ~ OD eap (OD oa ~ OD ysp)] X 100, 


where NSB indicates nonspecific background binding. 
Statistical Methods 


Because of the skewed distribution of the normal group and the 
unequal variances, the nonparametric method Wilcoxon’s Rank Sum 
Test was used to test the difference between the median percent 
maximum binding of sera obtained from patients with melanoma and 
sera obtained from normal individuals. A logistic regression analysis 
was utilized to determine a cutoff percent maximum binding to distin- 
guish sera obtained from patients with melanoma and sera obtained 
from normal individuals. 
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Fig 1.—Distribution of percent inhibition of serum obtained from pa- 
tients with melanoma with recurrent disease (left, n= 19) and normal 
volunteers (right, n= 10) in the competitive enzyme-linked immuno- 
sorbent assay. A closed circle and vertical bar indicates mean + SD. 


RESULTS 


Serologic Studies Following Acid Dissociation 
and Ultrafiltration 


To determine whether the presence of FA in the serum was 
associated with melanoma, serum from 19 patients with re- 
current melanoma and 10 apparently normal volunteers was 
studied following treatment with low pH and ultrafiltration. 
The filtrate that contained the antigen was then studied in a 
competitive assay and results were expressed as a percent 
inhibition. The overall distribution of the percent inhibition 
by the antigen fraction obtained from patients with melanoma 
with recurrent disease and normal volunteers is shown in Fig 
1. Ten of the 19 patients with recurrent melanoma had inhibi- 


_ tion greater than 10%, while only 3 apparently normal volun- 


teers had inhibition greater than 10%. The mean+SD per- 
cent inhibition for patients with recurrent melanoma was 
27.6% + 29.8% and for normal volunteers was 8.4% + 17.8%. 
The difference between patients with melanoma that had 
recurred and normal volunteers was statistically significant 
(P=.02). 


Serologic Studies Utilizing a Sandwich ELISA 


We developed a sensitive and reproducible sandwich 
ELISA to detect tumor-associated antigen-specific ICs utiliz- 
ing the murine monoclonal antibody MAb JSI. Sera from 44 
patients with recurrent melanoma and 45 apparently normal 
volunteers were studied utilizing this sandwich assay. As 
described in the “Materials and Methods” section, results 
were expressed as a percent of maximum binding of a positive 
control. To determine the association of tumor-associated 
antigen-specific ICs with melanoma, we studied sera ob- 
tained from normal volunteers and from patients with mela- 
noma with measurable, recurrent disease. The percent maxi- 
mum binding obtained from sera from normal individuals 
ranged from 0% to 44%, with a mean+SD value of 
4.9% +7.7%. In contrast, the percent maximum binding of 
sera from patients with melanoma ranged from 0% to 100%, 
with a mean of 38.3% + 33.3%. Sera from patients with mela- 
noma had significantly greater percent maximum binding 
than sera from normal volunteers (P<.0001) (Fig 2). 

A logistic regression analysis was performed to determine 
the probability that a certain percent of maximum binding 
could distinguish between patients with recurrent melanoma 
and normal volunteers. Utilizing this analysis, a maximum 
binding of 15.5% correctly identified 75% (33/44) of patients 
with recurrent melanoma while only 5% (2/45) of normal 
subjects were incorrectly classified (Table). A maximum 
binding of 15.5% minimized the false positives (<5%) while 
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Fig 2.—Distribution of percent of maximum binding of serum obtained 
from patients with melanoma (left, n=44) and normal volunteers 
(right, n= 45) in the sandwich assay. A closed circle and verticle bar 
indicates mean + SD. 


Distribution of Melanoma Sera and Normal Sera Utilizing a 
Cut Point of Positivity of 15.5% 


Predicted Predicted 
Distribution as Normal as Melanoma Total 


Normal serum 43 2* 45 
Melanoma serum 11* 33 44 
Total 54 35 89 


*Two normal sera would be misclassified as melanoma (specificity), while 
11 melanoma sera would be misclassified as normal (sensitivity). 








concomitantly maximizing the true positives (75%) and was 
determined to be the cut point for positivity. 


Serial Analysis of Tumor-Associated Antigen-Specific IC 


The availability of serial serum samples from some of these 
patients allowed us to retrospectively examine these sera for 
the presence of the tumor-associated antigen-specific ICs. 
Four patients with melanoma who had positive test results for 
tumor-associated antigen-specific ICs (>15.5% maximum 
binding) and a similar number who had negative test results 
for tumor-associated antigen-specific ICs were studied. Pa- 
tients without the tumor-associated antigen-specific ICs at 
the time of recurrent disease never exhibit the marker during 
the course of their disease. Figure 3 summarizes the serial 
analysis of tumor-associated antigen-specific ICs in four pa- 
tients who had positive test results for tumor-associated anti- 
gen-specific IC at the time of recurrent melanoma. All pa- 
tients continuously demonstrated the presence of the tumor- 
associated antigen-specific ICs in their serum. The presence 
of the tumor-associated antigen-specific ICs precede the clini- 
cal recurrence by as much as 12 years in one instance (Fig 3, 
bottom left). 


COMMENT 


In this investigation, we developed methods that allowed 
us to determine whether a partially purified glycoprotein FA 
might be useful as a marker of recurrent melanoma. We have 
previously demonstrated FA to be present in the serum of 
patients with melanoma in the form of circulating ICs.” To 
dissociate the antigen-antibody complexes, circulating IC 
serum from patients with melanoma was exposed to an acid 
buffer, ultrafiltered to prevent the reassociation of the anti- 
gen and antibody, and studied in a competitive ELISA to 
determine if the ICs contained FA. Initially utilizing human 
polyclonal serum as the antibody source, we demonstrated 
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Fig 3.— Serial analysis of patients who were positive (percent maximum binding, > 15.5%) for an antigen- 


specific immune complex at the time of recurrence. 


that an antigen-specific IC appeared to be associated with 
recurrent melanoma. We subsequently developed a murine 
monoclonal antibody following immunization with the partial- 
ly purified FA, which we designated MAb JSI. Utilizing this 
monoclonal antibody, we developed a sensitive and reproduc- 
ible sandwich assay to detect a tumor-associated antigen- 
specific IC. The tumor-associated antigen-specific IC is asso- 
ciated with recurrent melanoma and appears to be potentially 
useful for monitoring patients. 

Early diagnosis and continued treatment if tumor persists 
continues to be one of the critical factors in the successful 
treatment of cancer. A number of circulating factors that are 
either produced by malignant cells or as a response by the 
host to the cancer have been identified and serve as markers 
in several malignant conditions. Although the potential appli- 
cations of tumor markers are numerous, the most useful 
clinical application, currently, has been to monitor tumor 
activity. To our knowledge, however, no marker has been 
identified for human melanoma. 

Melanoma is recognized as having an antigenic composition 
that is complex and highly heterogeneous. It is now well 
documented that melanoma cells can release macromolecules, 
some of which are tumor antigens, from their cell surface.” 
It would be anticipated that tumor antigens that are immuno- 
genic would result in the formation of circulating ICs. In 
melanoma, patient’s sera frequently contain high levels of IC. 
For this reason, IC analysis has been suggested as a method 
of monitoring tumor activity. ®” 

Two general approaches to the detection of ICs have been 
utilized. Antigen nonspecific assays are most frequently uti- 
lized and are dependent on detecting differences in the phy- 
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siochemical and biologic properties of ICs as opposed to free 
immunoglobulin. Antigen nonspecific assays have proved to 
be useful in monitoring and diagnosing a number of autoim- 
mune diseases. Although some authors have reported a corre- 
lation with the presence of ICs and the course of certain 
malignant disease utilizing antigen nonspecific assays'”” and 
circulating IC analysis, utilizing antigen nonspecific assays to 
monitor cancer has, for the most part, been associated with 
inconsistent results.” 

The second approach is based on the development of anti- 
gen-specific assays to detect a specific antigen complexed 
with its antibody. Most antigen-specific assays have utilized 
the inciting antigen to characterize the IC. This is the initial 
approach we utilized to characterize the IC with respect to the 
partially purified FA.’ A low pH buffer was utilized to dissoci- 
ate IC, which was subsequently ultrafiltered to prevent the 
reassociation of the antigen and antibody. Utilizing acid disso- 
ciation and ultrafiltration, we demonstrated that antigen- 
specific IC analysis appeared to have potential utility for 
monitoring melanoma. However, this method, in our hands, 
has proved to be extremely time-consuming and cumber- 
some. 

Monoclonal antibodies have proved to be highly sensitive 
and specific reagents.” To circumvent the inherent problems 
of polyclonal serum, we developed a murine monoclonal anti- 
body and utilized it as a capture antibody in a sandwich assay. 
The second antibody was endogenous human IgG. The assay 
has the advantage of requiring no pretreatment of the serum 
prior to analysis. At a maximum binding of 15.5%, 75% of 
patients with melanoma were identified. This is consistent 
with the observation that approximately 89% of melanomas 
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appear to express the partially purified FA. Additionally, the 
assay detects an antigen that has a reasonable degree of 
specificity with less than 5% of normal controls having values 
greater than 15.5%. In this report, we assayed only for the 
presence of ICs associated with IgG. Although IgM antibod- 
ies to the FA are frequent, we found that the detection of ICs 
associated with IgM antibody has resulted in increased non- 
specific binding probably due to the “stickiness” of the IgM 
molecule to the polystyrene wells. 

An “ideal” tumor marker, in addition to having a high 
degree of specificity and sensitivity, should also correlate 
with the amount of viable tumor present. All currently avail- 
able tumor markers increase with increasing tumor burden. 
The serial analysis of an antigen-specific IC in a limited num- 
ber of patients demonstrated apparent fluctuations in levels 
of percent maximum binding as the tumor progressed from a 
subclinical state to a clinical recurrence. The formation of ICs 
is related to the level of antigen and antibody. Fluctuations in 
either the amount of circulating antigen or antibody level 
could lead to either antigen or antibody excess and diminished 
IC levels. The dynamics of this antigen antibody interaction 


remain unclear, but we have observed this in tl 
sis of the melanoma-associated antigen.” The 
gest a dynamic interaction between the ho 
Despite these fluctuations, no patient during 
period became antigen-specific IC-negative, 

who was antigen-specific IC-negative at the 
rence became positive. 

Our initial results presented here suggest 
specific ICs detected in a competitive ELISA 
clonal antibody is potentially useful for monit 
with melanoma. The development of a muri 
antibody, MAb JSI, greatly facilitated the de’ 
reproducible assay to detect an antigen-speci 
sults utilizing the monoclonal antibody-based s 
clearly demonstrate the potential utility ofana 
IC as a tumor marker in human melanoma. 
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[True or False] 
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Surgical Anatomy Question 
The aorta passes through the diaphragm at the level of the 12th thoracic vertebra 


1. Grant JCB. A Method of Anatomy. 5th ed. Baltimore, Md: Williams & Wilkins; 1952:308. 
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some 
interruptions 
deman 
your 
attention. 


The interruptions caused by uncontrolled 
high blood pressure at your worksite can be 
enormous and costly. In business terms, just 
consider the absenteeism, disability and 
payments of insurance claims. And in 
human terms, just consider that a lot of 
people have lost their lives to high blood 
pressure. 


So it makes good business sense to start a 
blood pressure control program where you 
work. Not only will it help your employees 
control their high blood pressure, it will tell 
them that you care. And that can be good 
for business. 


Talk to us about starting a worksite high 
blood pressure control program. 


HIGH BLOOD PRESSURE 
CONTROL PROGRAM 
Better For Business. 


The National High Blood 
Pressure Education Program; 
The National Heart, Lung, 
and Blood Institute; National 
institutes of Health: Public 
Health Service; U.S. 
Department of Health and 
Human Services 
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Go ahead. Live it up while you can. Eat anything and everything you want, from those processed meats to fatty dairy prod- 

ucts to that extra measure of salt. But do it soon. Because poor eating habits can lead to high blood cholesterol, 

which can result in clogged arteries, a damaged heart, and an early death. The American Heart Association urges you 

to eat sensibly. Avoid food high in fat, salt and cholesterol. Avoid eating too much. It could keep you from an early 

grave and let you live it up a little longer. i 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies have 

proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity.’ Not 


pe i used to think only two a gig Not metronidazole. 
# things in life were certai n.” And that’s nothing to overlook— 


given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 


1.5 or 3g q6h 


PIM 
IV 


(ampicillin sodium/suloactam sodium) 





r OeRIG CD 


A division ot Plizer Pharmaceuticals 


*Due to susceptible strains of indicated organisms An antibiotic for every day 


Please see brief summary of prescribing information 
on adjacent page 


© 1989, Pfizer Inc 






—. | 


wo". Consumer Information Center 
~ Department RW 
Pueblo, Colorado 81009 





If you're looking for some 
good reading, you've just 
found it. The free Consumer 
Information Catalog. 


The Catalog lists about 200 
federal publications, 
many of them free. They 


can help you eat right, 


manage your money, stay 
healthy, plan your child's 
education, learn about 
federal benefits and more. 


SO sharpen your pencil. 
Write for the free 


U.S. General Services Administration. 


Consumer Information 
Catalog. And get reading 
worth writing for. 








IM 
IV 
(ampicillin sodium /sulbackam sodium) 


References: 
1. Data available on. request from Roerig. 2. Aldridge KE. Sanders CV. 
Marier RL: Variation in the potentiation of B-lactam antibiotic activity by 
Clavulanic acid and sulbactam against multiply antibiotic-resistant bacteria 
J Antimicrob Chemother 1986.17 463-469. 3. Crombiehoime WR. Ohm- 
Smith M. Robbie MO, et al. Ampiciilin/sulbactam versus metronidazole- 
entamicin in the treatment of soft tissue pelvic infections Am J Obstet 
yneco!1987.156(Feb) 507-512 4. CucharalG, Snydman D. Jacobus N. et 
al. Comparison of new antimicrobial agents against the Bacteroides fragilis 
‘ec Abstract. presented at the Annual Meeting of the American Society of 
icrobiology. Miami Beach, Fla; May 1988. §. D Amato RF Hochstein L 
Pavia M: /n vitro susceptibilities of aerobic and anaerobic clinical isolates to 
ampicillin/sulbactam. Presented as a Scientific Exhibit at the 87th Annual 
Meeting of the American Society of Microbiology, Atlanta, March 1987 
6. Finegold SM Anaerobic bacteria: Their role in infection and their man- 
agement. Postgrad Med 1987 ,81(8) 141-147 7. Jenkins SG Susceptibility 
patterns of Bacteroides fragilis group isolates to ampicillin/sulbactam and 
Other selected antibiotics Presented at a symposium entitled Ampicillin/ 
Sulbactam: New Strategy for the Treatment of Infectious Disease 
Montreux. Switzerland. July 16-17 1987 pp 19-20 8. Tally FP Jacobus NV 
Activity of sulbactam against recent isolates of aerobic and anaerobic bacteria 
abstract 36. Presented at the 23rd International Congress of Antimicrobial 
Agents and Chemotherapy. Las Vegas. Oct 24-26. 1983 (abs) 9. Wasilauskas 
B: Susceptibility of anaerobes to ampicillin-sulbactam and 6 other anti- 
microbial agents. abstract. Presented at the Annual Meeting of theAmerican 
Society for Microbiology. Miami Beach. Fla. May 8-13. 1988. 10. Wexler 
HM. Harris B. Carter WT, etal: In vitro efficacy of sulbactam combined with 
ampicillin against anaerobic bacteria Antimicrob Agents Chemother 
1985:27 876-878. 11. Ampicillin/sulbactam (Unasyn). Med Lett Drugs Ther 
1987.29(August 28):79-81. 12. Hemsell DL. Wendel GD. Hemsel! PG 
Combating beta-lactamase enzyme—principal defense mechanism of 
many pelvic infection pathogens. Presented as a scientific exhibit at the 
Thirty-Sixth Annual Clinical Meeting of the American College of Obstet- 
ricians and Gynecologists, Boston, May 2-4, 1988 13. Senft H-H. Stigl- 
mayer R. Eibach HW. et al Sulbactam/ampicillin versus cefoxitin in the 
treatment of obstetric and gynaecological infections Drugs 1986:31(supp! 
2):18-21. 14. Newton ER, Gibbs RS. Treatment of postpartum endometritis 
A comparison of ampicillin/sulbactam vs. gentamicin plus clindamycin 
Presented as a scientific exhibit at the Thirty-Sixth Annual Clinical Meeting 
of the American College of Obstetricians and Gynecologists. Boston. May 
2-4, 1988 15. Gunning J Acomparison of parenteral sulbactam/ampicillin 
versus clindamycin/gentamicin in the treatment of pelvic inflammatory 
disease. Drugs 1986.31(supp!2).14-17 16. Stromberg BV, Reines HD. Hunt 
P: Comparative clinical study of sulbactam and ampicillin and clindamycin 
and pe ge in infections of soft tissues way Gyn Obstet 1986.162 
575-578 17. Kager L. Malmborg AS, Nord CE. et al A randomized 
controlled trial of ampicillin plus sulbactam vs gentamicin plus clin- 
damycinin the treatment of intraabdominal infections A preliminary report 
Rev Infect Dis 1986:8(supp! 5) S$583-S588 18. Brunat MA. Pouly JL. Le 
Boedec G. et al: Treatment of acute salpingitis with sulbactam/ampicillin 
Comparison with cefoxitin Drugs 1986 sce) 7-10 19. FaroS Expe- 
rience with ampicillin/sulbactam for OB/GYN infections. Presented at a 
symposium entitled B-Lactamase Inhibitors: Progress with Ampicillin/ 
Sulbactam. Atlanta. December 6. 1987 p 14 (abs) 


INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
Strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 


1.5 or 3g g6h 
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strains of Staphylococcus aureus. Escherichia coli,* Klebsiella spp * 
(including K pneumoniae*). Proteus mirabilis.* Bacteroides fragilis. * 
Enterobacter spp..* and Acinetobacter calcoaceticus * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K. pneumoniae* ). Bacteroides 
spp. (including B fragilis). and Enterobacter spp.* 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia col.* and Bacteroides spp.* (including B fragilis*) 
“Efficacy for this organism in this organ system was studied in fewer than 10 
infections 
While UNASYN* (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN due toits ampicillin 
content Therefore, mixed infections caused by ampicillin-susceptible 
Organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN ıs contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS. CEPHALOSPORINS AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS, UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
ens should be kept in mind during therapy If superinfections occur 
Tos uaiy involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the rena! tubular secretion of 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itisnotknown whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
paride of glucose in urine using Clinitest”. Benedict Solution or 
ehling’s Solution. it is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix’’ or Testape ~) be 
used. Following administration of ampicillin to pregnant women. atransient 
decrease in plasma concentration of total conjugated estriol es- 
triolglucuropide. conjugated estrone. and estradiol has been noted This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
iesin animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies have been pertormedinmice 
rats. and rabbits at doses up to ten (10) times the human dose and nave 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive of human response. this drug should be used during pregnancy 
only if clearly needed (See—Drug/Laboratory Test Interactions.) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone. frequency of 
contractions. height of contractions. and duration of contractions How- 
ever. itis not known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on thefetus, prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk. therefore, caution should be exercised when UNASYN 
iS administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants and children under the age of 12 
ADVERSE REACTIONS 
UNASYN ıs generally well tolerated The following adverse reactions nave 
been reported 
Local Adverse Reactions 

Pain at IM injection site— 16% 

Thrombophlebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3°o of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1°o of the patients were 
itching, Nausea, vomiting. Candidiasis fatigue. malaise. headache. chest 
pain, flatulence, abdominal distension. glossitis. urine retention. dysuria 
edema, facial swelling. erythema. chilis. tightness in throat. substernal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

ra Increased AST (SGOT). ALT (SGPT). alkaline phosphatase. and 

LDH 

Hematologic Decreased hemoglobin. hematocrit RBC. WBC. neu- 

trophils, lymphocytes. platelets and increased lymphocytes mono- 

cytes, basophils, eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal. Increased BUN and creatinine 

Urinalysis. Presence of RBC’s and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black “hairy tongue. enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be controlled with antihistamines and. if necessary. systemic cortico- 
steroids. Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise. Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Lower antibiotic costs without lowering 

your standards. UNASYN costs at least 40% less per 

day than clindamycin/gentamicin or cefoxitin. ” Yet UNASYN 
is at least as effective in a variety 


“We need gold-standard v mised infections. = 


And in some studies versus combi- 


res ults that don’t cost nation therapy, patients treated with 


UNASYN spent fewer days in 
the hospital.*'°"” 
So, look to UNASYN for highly 
effective, highly affordable therapy in mixed infections* 
every day. 
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Patterns of Human Tumor-Infiltrating 


Lymphocytes in 120 Human Cancers 


Charles M. Balch, MD; Lee B. Riley, MD; Yoon Joo Bae, MD; Marie A. Salmeron, MD; 
Chris D. Platsoucas, PhD; Andrew von Eschenbach, MD; Kyogo Itoh, MD 


è Tumor-infiltrating lymphocytes from 120 samples of human 
cancers, including melanoma, renal cell carcinoma, breast can- 
cer, sarcoma, and colon cancer, were examined. The percentage 
of lymphocytes recovered from the cancer varied widely; that of 
renal cell carcinoma was higher than that of breast or colon 
cancer (65% vs 45%), which was higher than that of melanomas 
or sarcomas (30% to 35%). The types of lymphocytes before and 
after interleukin 2 activation showed specific patterns. CD4° 
helper T cells predominated in all tumors except melanomas, 
which had more CD8" cytotoxic T cells. CD16° natural killer cells 
were recovered in renal cell carcinoma and sarcomas. Three 
different cytotoxic lymphocytes were identified among interleu- 
kin 2-activated tumor-infiltrating lymphocytes: (1) CD3°CD16— 
cytotoxic T lymphocytes with cytotoxicity restricted to autolo- 
gous tumor cells in melanomas, (2) CD3 CD16° natural killer 
cells with vigorous major histocompatibility complex—nonres- 
tricted cytotoxicity in renal cell carcinoma, and (3) CD3°CD16— 
T cells with modest levels of major histocompatibility complex- 
nonstricted cytotoxicity in all cancers except melanomas. Thus, 
there was considerable diversity of tumor-infiltrating lympho- 
cytes among these histologically distinct tumors with respect to 
magnitude of lymphocyte infiltration, phenotypic expression, 
and functional capacity. 

(Arch Surg. 1990;125:200-205) 


ach histologic type of human cancer has its own set of 
biologic properties and natural history. It is not surpris- 
ing, therefore, that heterogeneous properties of the cancers 
will elicit variable immune response in individual patients. 
For years, human peripheral blood lymphocytes have been 
the focus of study in patients with cancer, yet this gives a 
rather poor picture of immunologic activity in patients with 
cancer since only a small fraction of these cells are committed 
to tumor cell elimination. 
A more important source in studying host-tumor relation- 
ships is tumor-infiltrating lymphocytes (TILs) as well as func- 
tional correlations of cellular immune responses with proper- 
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ties of the surrounding tumor cells. Most TILs might be 
committed to a tumor antigen system; however, their func- 
tional capacity was obviously incomplete or abnormal because 
they were unable to contain tumor growth in the patient with 
cancer. Nevertheless, an analysis of these cells and their 
functional properties may provide new insights about how to 
activate these lymphoid cells to reject the cancer cells sur- 
rounding them. 

Human metastatic melanoma has yielded interesting infor- 
mation about the diversity of TILs that can be recovered from 
it. Indeed, Rosenberg and colleagues’ have reported that 
the adoptive transfer of TILs was from 50 to 100 times more 
potent than that of lymphokine-activated killer cells in medi- 
ating the regression of established cancer in several murine 
tumor models. This in turn has led to an investigational 
therapy involving adoptive cellular therapy with autologous 
interleukin 2 (IL-2)-activated TILs infused back into patients 
with melanoma along with systemic IL-2 and cyclophospha- 
mide (Cytoxan). Initial results are encouraging, with more 
than 50% of patients having a major response.” 

In the course of our TIL studies,’ we noted that there were 
distinctive patterns of TILs among a range of human cancers. 
We therefore undertook a systematic examination to compare 
and contrast the yield, type, and function of TILs recovered 
from over 120 human cancers, including melanomas, breast 
cancer, renal cell cancers (RCCs), colon cancer, and sarcoma. 
We postulated that these different histologic types of cancer 
cells would elicit distinctive trafficking patterns of lymphoid 
cells, and that their metastatic growth had resulted from their 
ability to subvert the cytotoxic capability of these TILs. 


MATERIALS AND METHODS 
Preparation of Cells 


Single-cell suspensions of TILs and tumor cells were prepared from 
5 primary melanomas, 50 metastatic melanomas, 10 primary sarco- 
mas, 28 primary RCCs, 3 metastatic RCCs, 15 primary breast can- 
cers, and 9 colon cancers using a collagenase and DNase enzymatic 
disaggregation method as reported previously.’ Single-cell suspen- 
sions were applied on Ficoll-Hypaque solution and centrifuged for 30 
minutes to obtain viable TILs and tumor cells at the interface. Cell 
viability exceeded 80%. Monoclonal antibodies (MAbs) specific for 
human lymphocytes (anti-CD3, -CD16, -CD4, and -CD8 MAbs) were 
used to confirm the distribution and number of TILs in certain 
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No. of % of 


Tumor Tumors 


Table 1.— Yield of Tumor-Infiltrating Lymphocytes (TILs) 


No. of Tumors 
Weighed 





No. of TILs ( x 10°) 
per Gram of Weight 


No. of Tumor Cells ( x 10°) 
per Gram of Weight 


Metastatic melanoma 5 
z ; 2 


*P<.01 compared with metastatic melanoma by Student's two-tailed t test. 


experiments. Pathologic examination of the tumor specimens con- 
firmed the diagnosis of malignancy in every case. No patient had prior 
chemotherapy, irradiation, or biologic therapy. Substantial numbers 
of TILs and tumor cells were recovered with this method in all 120 
human cancers, with the exception of 4 breast cancers, where no TILs 
or tumor cells were recovered. 


Cell Cultures and IL-2 


Suspensions of TIL and tumor cells were washed twice and resus- 
pended at 2 x 10° to 5 x 10° cells per milliliter in RPMI 1640 medium 
supplemented with 10% fetal calf serum (GIBCO Laboratories, 
Grand Island, NY) and 200 U/mL of recombinant IL-2, which had 
specific activity of 3.6 x 10° U/mg of protein.’ The cells were cultured 
at 37°C with 5% carbon dioxide for up to 90 days in 24-well tissue 
culture plates (Corning Glass Works, Corning, NY). During the 
entire incubation period, TILs were not stimulated with autologous 
tumor cells or lectins. Cell suspensions from tumors of patients with 
breast (n=4) and colon (n=4) cancers were also cultured in AIM-V 
serum-free medium (GIBCO) and 200 U/mL of recombinant IL-2 for 
the initial 7 to 14 days, followed by incubation with RPMI 1640 
medium with 10% fetal calf serum and 200 U/mL of recombinant IL-2. 
Half of the volume of each well was replenished with fresh medium 
containing IL-2 every 3 to 5 days, and the density of cells maintained 
at less than 1 x 10° to 2 x 10° cells per milliliter. In some experiments, 
cells cultured with IL-2 were applied to a Ficoll-Hypaque density 
cushion, and live cells were collected from the interface and subse- 
quently incubated with IL-2. 


Analysis of Lymphocyte Surface Markers 


Fluorescein isothiocyanate- or phycoerythrin-conjugated irrele- 
vant mouse monoclonal IgG1 or IgG2a (Becton Dickinson Co, Moun- 
tain View, Calif) were used as control MAbs for two-color analysis 
during flow cytometry. The percentage of false-positive staining on 
TILs with control MAbs was always less than 1%. Freshly isolated 
TILs were incubated in vitro with 200 U/mL of recombinant IL-2 for 3 
to 6 weeks. These IL-2-activated TILs, as well as fresh TILs, were 
incubated with MAbs at 4°C for 30 minutes, and then surface marker 
expression was analyzed by flow cytometry (EPICS C, Coulter, 
Hialeah, Fla) as previously described." Lymphocytes were gated 
according to the (smaller) size and (lesser) granularity, and tumor 
cells and some Leu M3 positive macrophages were gated out based on 
(larger) size and (greater) granularity as reported previously." 
Based on the results from two-color analysis, the majority (>95%) of 
CD3* T cells were CD3*°CD16 ; CD4* T cells were CD4*CD8 ; 
CD8* T cells were CD4 CD8*; and CD16* natural killer (NK) cells 
were CD3 CD16". 


Chromium 51—Release Assay and Assay 
for Proliferative Response 


A 4-hour chromium 51-release assay was used to detect cytotoxic 
activity against four different tumor targets: noncultured autologous 
or allogeneic tumor cells with the same histologic type, allogeneic 
tumor cells with different histologic type, and/or NK-sensitive K562 
targets. The spontaneous release usually did not exceed 30% of 
maximum release. Calculations of specific lysis have been published. ' 
The level of cytotoxicity was also expressed as lytic units per 10° 
effector cells. One lytic unit was defined as the number of effector 
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7 13 23 
16 8 5* 
7 12 17 
8 7 8 


TiLs 
9 35 
0 30 
5 48 
43 
36 


cells that lysed 30% of 10° target cells previously. The proliferative 
response was measured by culturing 10° lymphocytes per well for up 
to 6 days in flat-bottomed microliter plates with and without recombi- 
nant IL-2. Tritiated thymidine (18.5 x 10° Bq per well; New England 
Nuclear, Boston, Mass) was added 6 hours before harvesting. The 
proliferation was also measured by direct cell count under a micro- 
scope using a trypan blue dye exclusion assay. N-fold proliferation 
was calculated from the original number of plated TILs. The day of 
maximum proliferation occurred approximately during the fifth or 
sixth week, as reported previously in almost all TILs regardless of 
histologic difference.’ 


Statistical Analysis 


Statistical analysis was carried out using Student's two-tailed t 
test. 


RESULTS 
Yield of Lymphocytes 


Both the percentage of TILs among total cells and the 
absolute number of viable TILs and tumor cells per gram of 
weight varied according to the histologic tumor after enzyme 
desegregation (Table 1). Metastatic melanoma and breast 
cancer yielded the highest amount of TIL and tumor cells per 
gram of weight (36 and 29 million, respectively) compared 
with RCC and colon cancer (13 and 15 million, respectively) 
(data not available for sarcomas). These results were influ- 
enced by the lower yield of viable tumor cells for RCC and 
colon cancer. In 92% of the tumors (109/120), more than 5% of 
the recovered cells were TILs, while more than 20% were 
TILs in 81% of the tumors. The percentage of TILs among the 
mixture with viable tumor cells was highest for primary and 
metastatic RCC (65% and 64%, respectively), next highest 
for breast cancer and colon cancer (48% and 43%, respective- 
ly), and lowest for sarcoma and melanoma (35% and 36%, 
respectively). 


Types of Lymphocytes 


The vast majority of TILs in freshly isolated samples were 
T cells (CD3*), except in sarcomas where the majority of cells 
lacked T-cell and NK cell markers (Table 2). The majority of 
T cells (>50%) had a helper cell phenotype (CD4*) in all 
tumors except melanomas. The percentage of CD4°* T cells in 
fresh RCC (P<.02) or colon cancer (P<.01) TILs was respec- 
tively higher than that of CD8* T cells. In contrast, melano- 
mas had more cytotoxic or suppresser T cells (CD8*) (P<.02), 
Natural killer cells constituted only a small minority of TILs 
(<6%), but were significantly higher in RCC (6%) and sarco- 
mas (5%) compared with colon cancer (3%) and melanomas 
(2%) (P<.01). B lymphocytes (Leu16*) were found in some 
breast cancers (20%) but not in other types of cancer. Macro- 
phages (LeuM3*) were usually recovered from the majority 
of RCCs and some colon and breast cancers, but not melano- 
mas (data not shown). 
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Table 2.—Surface Markers of Tumor-infiltrating Lymphocytes (TILs) in Human Solid Cancer* 


Type of Lymphocyte, Mean+SD % 


In Vitro Culture No. of CD3>* Total CD4+ Helper/ CD8* Cytotoxic/ CD16* 
Cancer With IL-2 Patients T cells Inducer Cells Suppressor T Cells NK cells 


Metastatic melanoma 42+23tf 2+3 


57+ 25t¢ 1+3 
Renal cell carcinoma > 24+19 6+7§ 


29+19 12+13§ 
Breast cancer 


Colon cancer 





*|L-2 indicates interleukin 2; NK, natural killer; minus sign, fresh TILs; and plus sign, activated TILs. 
tP<.02. 
tP<.05. 
§P<.01. 


Fig 1.—Interleukin 2—dependent proliferation of melanoma tumor- 
infiltrating lymphocytes. Freshly isolated melanoma tumor-infiltrating 
lymphocytes were incubated in vitro for up to 6 days with medium 
alone (closed circles) or with 200 U/mL of recombinant interleukin 2 
(open circles), followed by measurement of their proliferations on days 
3 and 6. °H-TdR indicates tritium-labeled thymidine. 


iL-2—Induced Proliferation of TILs 


None of the TILs grew in tissue cultures unless IL-2 was 
added to the medium (Fig 1). The type of tissue culture 
medium also influenced the growth rate in response to IL-2, 
especially for some breast and colon cancer TILs that grew 
better in AIM-V medium compared with RPMI 1640 (more 
than a 10-fold difference in the growth rate). After a 3- to 
6-week culture with IL-2, T cells comprised 81% to 99% of 
TILs from all tumor types, except for sarcomas where only 
69% were T cells (Table 2). The majority (>50%) of proliferat- 
ing T cells had a helper T-cell phenotype (CD4*) except for 
melanomas and sarcomas, in which the majority of T cells had 
a cytotoxic T cell phenotype (CD8*). Natural killer cells sig- 
nificantly increased for RCC (12% of total TILs) and sarcomas 
(17%) and modestly for colon cancers (6%), but they did not 
expand in TIL cultures from melanomas or breast cancers 
(Table 2). 

The rate of proliferation was significant for all tumors 
studied, with the cell numbers increasing 1000-fold or more 
after 6 weeks of culture. The magnitude of proliferation was 
significantly greater for TILs from sarcomas compared with 
TILs from melanoma (P<.001), which in turn were greater 
than the TIL growth rate from RCC and breast and colon 
cancer. Specific data included a 1348-fold increase for meta- 
static melanoma (n= 15), a 1085-fold increase for RCC (n=5), 
a 5019-fold increase for sarcoma (n= 7), a 1056-fold increase 
for breast cancer (n=3), and a 1053-fold increase for colon 
cancer (n= 3). 


IL-2-Induced TIL Cytotoxicity Against Tumor Cells 


The TILs from virtually all human cancers had a profound 
deficiency in their cytotoxic function against autologous tu- 
Incubation Period, d mor cells since freshly isolated TILs did not have either 
detectable cytotoxicity or binding capability to autologous 
tumor cells (Fig 2). Even after culturing TIL and tumor cells 


Proliferative Activity ((H-TdR Uptakes, cpm x 10 °) 
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Fig 2.—Photomicrograph of freshly prepared tumor-infiltrating lymphocytes (left) and interleukin 2—activated tumor- 
infiltrating lymphocytes (right). For activation of tumor-infiltrating lymphocytes, single-cell suspension of tumor from a 
patient with melanoma was cultured for 14 days in the medium and 200 U/mL of recombinant interleukin 2. Cytocentrifuged 
cell smears were stained with Giemsa (original magnification x 300). 
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Fig 3.—Cytotoxicity by interleukin 2 (IL-2)—activated tumor-infiltrating lymphocytes (TILs). Tumor-infiltrating lymphocytes 
from different cancers were incubated with 200 U/mL of IL-2 for 3 to 6 weeks and their cytotoxicity was tested against the 
four different tumor cells shown. Results represent mean lytic units (LU). ND indicates not done. 


together for up to 7 days there were no demonstrable levels of 
cytotoxicity.” This defect could be overcome, however, by 
adding in vitro IL-2 to the culture for more than 7 days. In 
fact, these IL-2-activated TILs from melanoma and RCC 
were highly efficient cytotoxic cells (Figs 2 and 3). Interest- 
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ing differences in the cytotoxic capabilities of TILs emerged 
when they were tested against different tumor targets as 
described below. 

The TILs from melanoma exhibited potent cytotoxicity 
against autologous melanoma target cells but could not kill 
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Table 3.— Summary of Tumor-Infiltrating Lymphocyte (TIL) Characteristics in 120 Samples From Five Human Cancers* 


Yield 
pee 
No. of TILs 
per Gram CD4* 


% TiLs Weight 


Melanoma 


Renal cell carcinoma High 
Breast cancer 


Medium 
Colon cancer Low 
Sarcoma Low 


*NK indicates natural killer; IL-2, interleukin 2. 


allogeneic tumor targets or K562 targets that were sensitive 
to NK cell lysis (Fig 3). In contrast, TILs from RCC displayed 
potent tumor cell cytotoxicity, while TILs from sarcomas 
displayed only a modest level of cytotoxicity against all four 
different targets (autologous tumor, allogeneic tumors with 
the same histologic type, allogeneic tumor cells with different 
histologic type, and K562 NK-sensitive targets). The TILs 
from colon or breast cancer had negligible levels of cytotoxic- 
ity against autologous tumor cells but were capable of killing 
K562 targets. 


COMMENT 


The diversity of cellular immune responses among these 
120 human cancers was impressive. These differences in- 
cluded the yield of recovered lymphocytes and tumor cells, 
growth conditions in two different media (RPMI and AIM-V), 
rates of proliferation, phenotypic expression of lymphocyte 
differentiation markers, and the capacity to kill autologous 
and allogeneic tumor targets after IL-2 stimulation (Table 3). 

It should be emphasized that the recovered TILs from 
human tumors might be abnormal or defective since they 
emigrated into the tumor but failed to contain its growth. 
Alternatively, an important population of cytotoxic lympho- 
cytes or macrophages failed to emigrate into the tumor or 
were unable to proliferate within it. It is not clear from these 
studies whether the failure of TILs to reject the tumor was 
due to abnormal lymphocyte differentiation, abnormal migra- 
tion patterns or a subversion of the TIL immune function by 
products of the tumor itself. Clearly, these TILs have a 
profound functional defect because they are unable to prolif- 
erate, bind to autologous tumor targets, or kill autologous 
tumor cells. These abnormalities could be overcome in vitro 
by activating TILs with IL-2. These types of observations led 
Rosenberg and colleagues‘ to develop an innovative treat- 
ment strategy in which they grew TILs in vitro with IL-2 and 
reinfused them back into patients with melanoma along with 
systemic IL-2. 

The yield of recoverable TILs was quite different among 
the five tumors studied. Melanoma had the highest number of 
TILs per gram of tissue. Renal cell carcinomas had the high- 
est ratio of TIL infiltration, but they tended to be quite large 
tumors and contained considerable necrosis within them, ei- 
ther because of an immunologic rejection process or inade- 
quate circulation within its core. Breast cancer, colon cancer, 
and sarcomas did not elicit as vigorous an immune response 
(or the tumor actively suppressed it), so that the yield of TILs 
and the cytotoxic efficiency were not nearly as great as that 
observed for melanoma and RCC. Biologic observations are 
consistent with multiple clinical observations that melanomas 
and RCC are more likely to undergo spontaneous regression 
and are more responsive to biologic therapy than the other 
cancers studied to date.*” 

The types of lymphocytes recovered were strikingly differ- 
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Surface Markers 


Helper T Cells Cytotoxic TCells NK Cells 





Cytotoxicity (With IL-2) 


CDi6* Proliferation Autologous Allogeneic NK Cell 


(With IL-2) Tumors Tumors Activity 
Negligible High High Low Low 
Present High High High High 
Negligible High Low Medium 
Negligible Low High 
Very high Low Low Low 


Negligible 
Present High 
Present 


ent for each histologic type of tumor. The T-cell subset with 
cytotoxic capability (CD3*CD8*) predominated in melano- 
mas, while T helper cells (CD3*°CD4") predominated in RCC, 
colon carcinoma, and breast cancers. In sarcomas, the one 
third of TILs recovered lacked classic lymphocyte differentia- 
tion markers. It is important to emphasize, however, that the 
functional properties of these TILs did not always correlate 
with their surface marker expression to the same extent as 
with blood lymphocytes from normal individuals. Thus, some 
clones of cells with helper T cell markers (CD4") were highly 
cytotoxic after IL-2 stimulation, and some clones of T cells 
with CD8* markers could produce IL-2, a function usually 
attributable to CD4* helper T cells from blood (M.A.58., un- 
published data, 1989). 

Three different functional types of cytotoxic lymphocytes 
were identified among IL-2-activated TILs (Fig 3): (1) cyto- 
toxic T lymphocytes (CD3°CD16°) with cytotoxicity re- 
stricted to autologous tumor cells in the majority of melanoma 
cases (22 of 24); (2) CD3° CD16* NK cells with vigorous major 
histocompatibility complex (MHC)-nonrestricted cytotoxic- 
ity in the majority of RCC and some sarcomas; and 
(3) CD3*CD16~ T cells with modest levels of MHC-nonre- 
stricted cytotoxicity in the majority of RCC and some sarco- 
mas, breast cancer, and colon cancer. The first involved clas- 
sic cytotoxic T-lymphocyte function restricted to autologous 
tumor targets, presumably because of the required recogni- 
tion of both tumor-associated antigens and class I MHC anti- 
gen. These cytotoxic T lymphocytes predominated in melano- 
ma‘ and were also recovered from other tumor types with a 
markedly lesser degree of frequency or cytotoxic effi- 
ciency.” 

The second type of cytotoxicity was not restricted by MHC, 
since these cells could kill fresh (ie, noncultured) autologous 
as well as allogeneic tumor targets. Natural killer cells 
(CD38° CD16") isolated by fluorescence-activated cell sorting 
for RCC and sarcomas could account for this non-MHC-res- 
tricted cytotoxicity,’ since it is known that [L-2-activated NK 
cells have this capability to kill both autologous and allogeneic 
tumor cells." 

In the course of these experiments, we identified a subset of 
T cells that also could kill allogeneic tumor cells just as 
NK cells could, although the levels of lysis by these T cells 
were lower than those for NK cells. Thus, a third type of 
CD3*CD16~ T cells from RCC and some sarcoma or colon 
cancer exhibited this capability to kill both autologous and 
allogeneic tumor targets. The cell-sorting analysis demon- 
strated that pure populations of CD3*CD16° T cells could kill 
fresh allogeneic tumor targets and K562 NK-sensitive targets 
after IL-2 stimulation.’ These T cells also contributed signifi- 
cantly to the in vitro cytoxicity of TILs isolated from RCC 
during the bulk culture.’ This observation was confirmed 
using cloned TILs with stable T-cell phenotypes’ and is con- 
sistent with the reports from others that T cells can circum- 
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vent MHC recognition requirements of classic cytotoxic 
T cells.”"*” The TILs from breast cancer and colon cancer 
were capable of efficiently killing only K562 target cells but 
not fresh tumor cells to any significant degree (under the 
same culture conditions as TIL from melanoma and RCC that 
killed tumor targets efficiently). 

Some provisions are warranted before making conclusions 
from the data described here. This analysis represents a 
survey of different tumor types intended to demonstrate 
heterogeneity and diversity of immune functions among their 
TILs. There are additional variables to be accounted for after 
a larger number of tumors are studied, such as the influence of 
tumor site. For example, we have found that TIL from meta- 
static lymph nodes in patients with melanoma had lower rates 
of proliferation and cytotoxic capabilities than TILs from 
metastatic melanomas obtained from distant sites (K.I., un- 
published data, 1989). _ 

These results showing patterns of immune responses 
among different human cancers have treatment applications. 
First, it is clear that IL-2 has a major role in augmenting the 
rate of proliferation and efficiency of cytotoxicity among all of 
the TIL specimens studied. Although the optimal dose sched- 
ule in humans has yet to be determined, IL-2 should clearly be 
a central part of a multiagent biologic therapy regimen. With 
regard to adoptive therapy, one would predict that lympho- 
kine-activated killer cell infusions (which are largely acti- 
vated NK cells)" might have an additive role for certain 
tumors, especially RCCs and sarcomas, while it would not be 
efficacious in patients with melanoma or breast cancer. Evi- 
dence from lymphokine-activated killer cells and IL-2 studies 


by Rosenberg et al’ also show clinical results compatible with 
this hypothesis. Conversely, TILs from melanoma and RCC 
might be highly effective as a source of cytotoxic cells in an 
adoptive therapy treatment strategy, since TIL from these 
two sources had the highest degree of cytotoxic efficiency. It 
is also likely that interferon alfa would also have an important 
role in a multiagent regimen, since this agent would increase 
class I MHC expression on tumor cell targets” as well as 
augment the cytotoxic T-lymphocyte activity mediated by 
TILs (K.I., unpublished data, 1989). Based on the above 
observations, we are currently conducting a phase IB/II clini- 
cal trial in patients with metastatic melanoma and RCC using 
TILs, IL-2, interferon alfa, and cyclophosphamide. 

Finally, there is a significant need for developing predictive 
assays in patients with cancer who might respond to biologic 
therapy. This would be based on assessment of tumor immune 
parameters in individual patients, including analysis of their 
TILs. Correlation of in vitro characteristics of TILs with 
clinical response in patients receiving IL-2—based therapy 
may enable future predictive assays to better select patients 
with a high probability of responding to biologic therapy. 


This work was supported in part by grant CA47891 from the National 
Institutes of Health, Bethesda, Md, anda grant from the Erwin Zaban Melano- 
ma Research Fund, Atlanta, Ga. 
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—Leu-7, -CD16, -LeuM8, and -TCRalpha beta MAb LeuM3 and phycoery- 
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Metastatic Potential of Colon Carcinoma 


Expression of ABO/Lewis-Related Antigens 


Stuart D. Hoff, MD; Tatsuro Irimura, PhD; Yoshifumi Matsushita, MD; David M. Ota, MD; Karen R. Cleary, MD; Sen-itiroh Hakomori, MD 


e Four monoclonal antibodies specific to various Lewis*- 
related antigens were tested for binding to monolayers and deter- 
gent extracts of the human colon carcinoma cell line HT-29 P and 
its metastatic variant HT-29 LMM. Only monoclonal antibody FH6 
(antisialyl-dimeric Le‘) bound more to the metastatic variant 
compared with HT-29 P. Detergent extracts of human tissues 
were then assayed for their FH6-binding activity. Normal colonic 
mucosa displayed less FH6 binding than either Dukes stage B or 
D primary colon carcinomas. Liver metastases from colorectal 
carcinoma demonstrated greater binding than stage B and stage 
D primary tumors, and more than normal liver. Expression of 
sialyl-dimeric Le“ increases as the metastatic potential of colo- 
rectal carcinomas increases, and is related to the progression of 
colorectal cancer. 

(Arch Surg. 1990;125:206-209) 


olorectal cancer is the second leading cause of cancer 

death in the United States, accounting for approximately 
60 000 fatalities annually. Metastatic spread, particularly to 
the liver, accounts for most of these deaths, and prognosis is 
directly related to the presence or absence of metastasis. ` 
Interestingly, liver metastasis is not related to the size of the 
primary tumor, suggesting that certain tumors have a great- 
er metastatic potential than others.” 

A variety of biochemical properties differing between high- 
ly metastatic and poorly metastatic carcinoma cells have been 
demonstrated in recent studies with animal models. Most of 
these involve differences in expression of cell surface glyco- 
conjugates,** which play an important role in a variety of cell 
surface events that influence the metastatic potential of tu- 
mors. They are intimately involved in cell adhesiveness,”* 
immunogenicity or immune recognition,“ and invasive char- 
acteristics." Biochemical markers of metastasis of human 
colorectal cancer may be useful in determining prognosis or 
the need for further treatment or closer follow-up of patients 
at high risk for the development of metastasis. 

It is known that the expression of blood group-related 
carbohydrate chains, including the Lewis (Le) group of anti- 
gens, is altered on malignant transformation of epithelial 
cells. The expression of Le*-related antigens has been shown 
to be oncodevelopmental for various epithelial tissues, includ- 
ing colonic mucosa.” Some of these antigens accumulate in 
the sera of carcinoma patients,” which may make them useful 
as serum markers for diagnosis, and some may be considered 
tissue markers for certain premalignant conditions.” This 
study presents our investigation of the relationship of certain 
Le*-related antigens to the stage of human colorectal tumors 
and their metastases. 


MATERIALS AND METHODS 
Monoclonal Antibodies 


The monoclonal antibodies (Mabs) used are directed to various 
glycolipids that have fucosylated type 2 poly (N-acetyllactosamine) 
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carbohydrate chains. These antibodies are AH6 (anti-Le’),"’ FH4 
(anti-poly Le*),"” KH1 (anti-Le’-dimeric Le”), ° and FH6 (anti-sialy] 
dimeric Le*).” All were derived from ascitic fluid from mice injected 
with the corresponding hybridoma. 


Human Colon Carcinoma Monolayers 


Cell line HT-29 P was developed from a moderately well-differenti- 
ated human adenocarcinoma of the colon.” The variant HT-29 LMM 
was developed from liver metastases following intrasplenic injection 
of HT-29 P into a nude mouse.” HT-29 LMM produces a greater 
number of metastatic liver tumors than does HT-29 P when injected 
intrasplenically into nude mice.” Cultures of less than 15 passages 
were grown in DME/F 12 with 10% fetal bovine serum (culture medi- 
um) at 37°C in an atmosphere of 5% carbon dioxide and 95% air. They 
were harvested by brief treatment with 0.25% trypsin in 2 mmol/L of 
ethylenediaminetetraacetic acid before confluency. 


Fixation of Carcinoma Cells to Microtiter Plates 


HT-29 P and HT-29 LMM were harvested before confluency, and a 
single-cell suspension of 10° cells/mL in culture medium was pre- 
pared. Cell viability was greater than 95% as determined by trypan 
blue dye exclusion. A total of 10° cells (100 pL) was transferred to 
each well of a 96-well microtiter plate and allowed to adhere to the 
plate overnight at 37°C. They were then rinsed gently with Dulbec- 
co’s phosphate-buffered saline (DPBS), fixed with 0.1% gluteralde- 
hyde in DPBS overnight, rinsed again with DPBS, and air-dried. 
Nonspecific binding was blocked by incubation with 1% bovine serum 
albumin (BSA) in DPBS overnight prior to use in binding assays. 


Assays of MAb Binding to Fixed Cells 


An MAb solution that was serially diluted in 1% BSA in DPBS was 
added to each well containing fixed HT-29 P or HT-29 LMM cells. 
After incubation overnight at 4°C, the plates were rinsed five times 
with DPBS, and an enzyme immunoassay was performed (Hybri- 
doma Screening Kit, Bethesda [Md] Research Laboratories) with a B- 
galactosidase—-conjugated goat antimouse immunoglobulin, IgG. The 
reaction mixture was transferred to a second plate, and the absor- 
bance at 405 nm determined on a Titertek Microtiter Reader. 


Preparation of Detergent Extracts of 
Carcinoma Cell Lines 


Cultures of HT-29 P and HT-29 LMM were harvested and then the 
cells were centrifuged at 500g to form a pellet that was resuspended in 
DPBS. This process was repeated twice more. After the third centri- 
fugation, the pellet was resuspended in 0.5% Nonidet P-40 (NP-40) in 
DPBS at a concentration of 2 x 10° cells/mL and incubated overnight 
at 4°C with constant agitation. After centrifugation at 13 000g, the 
supernatant was normalized to 2 mg of protein per milliliter with 0.5% 
NP-40, using the Pierce BCA protein assay reagent. 


Preparation of Extracts of Human Colon Carcinomas 


Fresh human tissue samples were collected from patients undergo- 
ing surgical resection, and the primary tumors staged according to 
the Astler-Coller modification of Dukes’ classification system,” or 
as stage D if metastasis to the liver was present at the time of 
surgery, as defined by Turnbull et al.” Each specimen (0.1 mg) was 
minced and added to 1 mL of 0.5% NP-40 in DPBS. After ultrasonica- 
tion on ice for 30 seconds, the specimens were incubated overnight at 
4°C with constant agitation. The supernatants were collected after 
centrifugation at 13 000g for 5 minutes, and the protein concentration 
normalized to 2 mg/mL in 0.5% NP-40 in DPBS. 


Inhibition of Binding Assays 
Cell culture extracts and tissue extracts were tested in quadrupli- 
cate for their inhibitory activity against MAb FH6 binding to mono- 
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layers of fixed HT-29 LMM. Sixty-five microliters of each extract and 
10 uL of MAb FH6 diluted 1:65 in 0.5% NP-40 in DPBS was added to 
each well of the previously fixed HT-29 LMM cells. A final antibody 
dilution of 1:500 and a final extract protein concentration of 1.73 
mg/mL was achieved. | 

After incubation overnight at 4°C and rinsing with DPBS, an 
enzyme immunoassay was performed. The reaction mixture was 
transferred to a second microtiter plate and the absorbance at 450 nm 
was determined. The absorbance of the specimen was divided by the 
absorbance of a standard containing the antibody but no tissue lysate. 
This number was then subtracted from 100%. The result, the inhibi- 
tion of FH6 binding, was proportional to the amount of sialyl-dimeric 
Le* in the tissue lysate. Statistical comparisons were performed 
using analysis of variance. 


Sialidase Treatment of Tissue Extracts 


Some extracts were treated with sialidase prior to an inhibition of 
binding assay by mixing 10:1 with a 0.5-U/mL solution of the enzyme 
in a 0.1-mol/L sodium acetate buffer, with a pH value of 6.0, contain- 
ing 10 mmol/L of calcium chloride and 0.1% sodium azide, followed by 
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Fig 1.—Binding of monoclonal antibodies (MAbs) to formalin-fixed 
monolayers of HT-29 P (circles) and HT-29 LMM (triangles) cells. 
Abscissas indicate the fractional concentration of MAbs in Dulbecco's 
phosphate-buffered saline vs the absorbance of the reaction product 
at 405 nm following an immunohistochemical assay. Top left, MAb 
KH1. Top, right, MAb AH6. Bottom left, MAb FH4. Bottom right, MAb 
FH6. Only MAb FH6 bound differentially to the two cell line variants, 
exhibiting more binding to the HT-29 LMM variant. 


incubation at 37°C for 18 hours. Control incubations were performed 
in the same buffer without sialidase. The reaction mixtures were 
heated to 100°C for 5 minutes to destroy sialidase activity and then 
inhibition of binding assays was performed as above. 


RESULTS 


Binding of MAbs to Human Colon 
Carcinoma Variant Cells 


Antibody binding to HT-29 P and HT-29 LMM cells was 
compared by enzyme immunoassays. Monoclonal antibody 
KH1 demonstrated little binding to either cell type, MAbs 
AH6 and FH4 showed similar binding to both cell lines, and 
MAb FH6 bound more to the HT-29 LMM cells (Fig 1). We 
therefore studied MAb FH6-reactive molecules (sialyl-di- 
meric Le*) (Fig 2) in colorectal carcinoma cells and tissues. 


Inhibition of Binding Assays 


Cell Culture Extracts. —The inhibition of FH6 binding to 
fixed HT-29 LMM cells by extracts of HT-29 P and HT-29 
LMM cells is shown in Fig 3. Binding of MAb FH6 to the fixed 
cells was inhibited to a greater degree by the HT-29 LMM 
extract than by the HT-29 P extract; the percentage of inhibi- 
tion equaled 50% of the standard’s score at a dilution of 1:2.4 
for the HT-29 LMM and 1:1.75 for the HT-29 P extract, which 
corresponds to 0.34 mg of protein per milliliter and 0.59 mg of 
protein per milliliter, respectively. 

Tissue Extracts.— Extracts from normal colonic mucosa 
(n=20), primary colorectal carcinoma (n= 39), liver metasta- 
ses of colorectal carcinoma (n= 13), and normal liver paren- 
chymal tissues (n=6) were compared according to their in- 
hibitory activity against binding of MAb FH6 to HT-29 LMM 
monolayers. A greater inhibitory activity indicated a greater 
content of sialyl-dimeric Le*. Figure 4 summarizes the per- 
centage of inhibition of these specimens. As a group, both 
primary and metastatic carcinomas displayed a mean per- 
centage of inhibition that was significantly higher than that of 
normal colon. Primary tumors from patients with Dukes 
stage B disease (Astler-Coller stages B1 and B2) displayed a 
significantly greater inhibitory activity (mean, 49.1) than did 
normal mucosa (mean, 29.7; P<.025), and stage D primary 
tumors displayed even greater activity (mean, 59.0) com- 
pared with normal mucosa (P<.0005), but not compared with 
Dukes stage B tumors (P<.375). The inhibitory activity of 
liver metastases (mean, 78.3) was significantly greater than 
any of the primary tumors (P<.005 compared with Dukes 
stage B tumor; P<.025 compared with stage D primary tu- 
mor), or normal liver (mean, 37.8; P<.0005). 

When categorized into the Astler-Coller modification of 
Dukes’ stages, the inhibitory activity of stage B1 tumors 
(mean, 32.2) was similar to that of normal mucosa (P>.4), but 
stage B2 tumors showed a significantly greater inhibition 
(mean, 71.6) compared with both normal mucosa (P<.0005) 
and B1 tumors (P<.005). However, the inhibitory activity of 


Fig 2.—Carbohydrate structure of sialyl-dimeric Le*, identified by MAb FH6. It is composed of a backbone 
of polylactosamine to which a fucosyl group is attached at the last two N-acetyllactosamine units, and by 
modification of the terminal galactosyl group with sialic (neuraminic) acid. 
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Fig 3.— Inhibition of monoclonal antibody FH6 binding (mean + SEM), 
at various dilutions in Dulbecco's phosphate-buffered saline, to fixed 
monolayers of HT-29 LMM cells by lysates of HT-29 P (circles) and 
HT-29 LMM (triangles) cells. Lysates from the HT-29 LMM variant 
inhibited the binding of FH6 to the monolayer to a greater degree than 
those from the HT-29 P variant. 


stage B2 tissue was not significantly different from that of 
stage D primary tumor (P<.375) or liver metastases 
(P<.375). 


Effect of Sialidase Treatment on Extract Inhibition 


Five tumor tissue extracts, all of which exhibited high 
levels of inhibitory activity, were treated with sialidase prior 
to inhibition assays. After incubation with sialidase, a signifi- 
cant reduction in inhibitory activity (P<.0005) was observed 
with all of the extracts tested (Fig 5). 


COMMENT 


Recent findings indicate that tumors consist of cell popula- 
tions with various degrees of metastatic potential, and that 
selective growth of subpopulations with higher metastatic 
potentials result in metastases.” It is now evident that this 
heterogeneity is true in both mouse and human primary 
colorectal tumors.” In previous studies, we found that Ulex 
europaeus agglutinin-I binding sites, presumably blood group 
H and Le’, is greater in carcinomas of the distal colon and 
rectum than in normal colonic mucosa. Additionally, more 
Ulex europaeus agglutinin-I bound to carcinomas of earlier 
stages than to those of later stages” indicating that, during 
colorectal carcinoma progression to the metastatic pheno- 
type, specific cell surface changes in the expression of 
ABO/Lewis blood group antigenic carbohydrates occur. Dif- 
ferential expression of many Lewis antigens between human 
malignant and nonmalignant colon tissues has been shown by 
others. *”*” Itzkowitz et al“ demonstrated that normal colonic 
mucosa rarely binds MAb FH6, but that the majority of colon 
cancers do. More recently, Taki et al? reported that Le’ 
structures are increased in liver metastases from colon carci- 
noma compared with primary hepatic carcinoma. 

Differential expression of a specific antigen in the progres- 
sion from primary tumor to metastasis has not previously 
been demonstrated in human tumors. We initially performed 
assays on a panel of MAbs specific for several different Le*- 
related structures to determine their binding to the human 
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Fig 4.—Percentage of inhibition of FH6 binding by different tissue 
types and tumor stages (mean + SEM). NC indicates normal colonic 
mucosa; B1, stage B1 primary tumors; B2, stage B2 primary tumors; 
B, combined B1 and B2 primary tumors; D, stage D primary tumors; 
LM, liver metastases; and NL, normal liver. 
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Fig 5.—Effect of sialidase on inhibition of FH6 binding. Incubation of 
tissue extracts with sialidase prior to inhibition binding assay markedly 
decreases the inhibitory activity of the extract. An average decrease of 
FH6 binding of 81.9% (range, 66.6% to 90.0%; P<.0005) was noted. 
Closed bars represent untreated extract; shaded bars, sialidase- 
treated extract. 


colon carcinoma cell line HT-29 P and a metastatic variant 
HT-29 LMM. As shown in Fig 1, only MAb FH6 showed 
significant differences in its binding to these two cell lines, 
binding to HT-29 LMM to a greater degree. Lysates of HT-29 
LMM cells in nonionic detergent similarly contained more 
substances binding F'H6 than did lysates of HT-29 P. 

We used an immunochemical assay to estimate the relative 
amount of this antigen, sialyl-dimeric Le’, in primary colorec- 
tal tumors and liver metastases. Our results from these inhi- 
bition assays showed that carcinoma tissues of more advanced 
stage contain more MAb FH6 reactive substances than nor- 
mal colon or stage B1 primary tumors. Regarding stage D 
tumors, the liver metastases from these tumors demon- 
strated more FH6 binding inhibition, and hence greater sia- 
lyl-dimerie Le* expression than the primary tumors or sur- 
rounding normal liver. Interestingly, when the Dukes stage 
B tumors were subclassified according to Astler and Coller’s 
modification of Dukes’ staging system, stage B1 tumors tend- 
ed to have a sialyl-dimeric Le* expression similar to normal 
colon, while the stage B2 tumors had a significantly higher 
expression, similar to stage D primary tumors and liver me- 
tastases. Specificity of MAb FH6 for sialic acid residues was 
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demonstrated by the decreased binding of FH6 in tissue 
extracts first treated with sialidase, a specific enzyme causing 
hydrolysis of sialic acid. 

We demonstrate that expression of sialyl-dimeric Le* in- 
creases as the metastatic potential of colorectal carcinomas 
increases, both in vivo and in vitro. This suggests that carci- 
noma cells expressing more of this antigen may represent a 
subpopulation with a higher metastatic potential. This is true 
for stage D tumors, with a significant increase in expression 
from normal colon, to primary tumor, to liver metastasis. It is 
also true in stage B tumors, where the expression of this 
antigen is similar between normal colon and the primary 
tumors with a low metastatic potential (stage B1), but signifi- 
cantly greater with the more often metastatic stage B2 
tumors. 

Why the expression of sialyl-dimeric Le* in stage B2 tumors 
should be similar to that of liver metastases from stage D 
tumors, while antigen expression of primary stage D tumors 
is significantly lower than that of the metastases, is unknown. 
The expression of this antigen in the primary tumor may peak 
at the time of greatest metastatic potential, and begins to 
wane in the primary tumor as liver metastases are develop- 
ing. This could be due to an inherent phenotypic shift of the 
primary tumor, or it may reflect a host response to the tumor. 

Cell surface sialoglycoproteins have been implicated in the 
metastatic potential of tumor cells in experimental ani- 
mals.***** Colon carcinoma cells are known to produce many 
unique glycoprotein molecules,”“ but, to our knowledge, 
except for our recent studies, no correlation between the 
expression of certain antigens and the stage of colorectal 
cancer progression has been reported. Although the exact 
relationship remains to be ascertained, sialyl-dimeric Le* 
expression is related to the progression of colorectal cancer 
and the development of liver metastases. 


This work was supported in part by US Public Health Service grant RO1- 
CA39319, Texas Higher Education Program grant 1549, the Bessie Frisch 
Memorial Fund, and the Robert Fowler Memorial Fund. 
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e An isolated axillary lymph node metastasis in a woman with- 
out an obvious clinical primary site most frequently originates 
from the breast. Mastectomy has been the historical treatment of 
choice. A retrospective study of 35 patients was undertaken to 
evaluate the roles of modern mammography, breast preserva- 
tion, and adjuvant systemic therapy in the management of these 
patients. Twenty-eight patients underwent a mastectomy, while 7 
were managed by a combination of limited resection and/or axil- 
lary dissection and radiation therapy. Twenty-two (67%) of the 33 
breast specimens contained carcinoma. Comparison of the 
pathologic results with the preoperative mammograms showed a 
specificity of 73%, while the sensitivity was only 29%. Actuarial 5- 
year survival after mastectomy or breast preservation was simi- 
lar (77% and 65%, respectively). Patients with more than one 
positive lymph node benefited from adjuvant therapy. Mammog- 
raphy does not locate the majority of occult stage Il breast can- 
cers, and both breast preservation and adjuvant therapy may 
have roles in the management of these patients. 

(Arch Surg. 1990;125:210-215) 


emale patients who present with adenocarcinoma in an 

axillary lymph node as the sole clinical site of disease can 
be a diagnostic and therapeutic challenge. In 1907, William 
Stewart Halsted’ first described two patients with “extensive 
carcinomatous involvement of the axilla” due to occult breast 
cancer: “In the course of a few months, thereafter, the mam- 
mary disease manifested itself in both patients.” Since that 
time, the standard treatment has been mastectomy of the 
ipsilateral breast.” However, microscopic examination of the 
removed breast fails to show carcinoma in one third of these 
patients.’ 

A retrospective review of occult breast cancer presenting 
as isolated axillary disease was published from Memorial 
Sloan-Kettering Cancer Center (MSKCC), New York, NY, 
in 1975.” Since then, however, the management of breast 
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cancer has changed. The purpose of this study was to deter- 
mine the potential impact of these changes on the diagnosis 
and treatment of occult stage II breast cancer. The goal was 
to determine whether modern mammography can accurately 
locate the primary lesion, if breast preservation has a role in 
the surgical management of these patients, and what survival 
benefit, if any, is gained by administering adjuvant systemic 
therapy in this setting. 


PATIENTS AND METHODS 


A retrospective review was completed of all female patients who 
either presented or were referred to the Breast Service at MSKCC 
from 1975 to 1988 with a diagnosis of metastatic adenocarcinoma to 
the axilla of unknown primary site, and without evidence of other 
metastatic disease. An excisional lymph node biopsy was performed 
in all cases prior to definitive breast surgery. Patients were excluded 
from the study if their histopathologic findings were not consistent 
with breast carcinoma. Patients with a palpable or mammographic 
breast primary cancer were excluded. In addition, patients were 
excluded if diagnostic tests suggested another primary site and 
thereby altered treatment (lung cancer in two patients, pancreas 
cancer in one). Patients were classified as perimenopausal if they 
were within 1 year of their last menses. Follow-up data were general- 
ly obtained from the hospital and office charts. Additional information 
regarding adjuvant therapy and survival was obtained from the 
medical oncologists’ records. Survival was calculated by Kaplan- 
Meier estimates. 

Estrogen and progesterone receptor (ER and PR) analysis was 
often performed on the initial node biopsy specimen and on the 
primary breast lesion if it was of sufficient size. Progesterone recep- 
tor analysis was not performed at our institution prior to 1980. 


RESULTS 


A total of 10 014 patients were treated for primary operable 
breast cancer at MSKCC from 1975 to 1988. Thirty-five 
(0.35%) of these had occult breast cancer presenting with 
axillary metastases. Their median (+SD) age was 57.5+9.1 
years, and they were followed up for a mean of 58.4 months 
and a median (+SD) of 52.8+45.2 months (range, 1 to 156 
months). Five were premenopausal, 3 perimenopausal, and 
27 postmenopausal at the time of diagnosis. Ten (29%) of 35 
patients had at least one first-degree maternal relative with 
breast cancer. 


Occult Breast Cancer—Baron et al 


Nine (26.5%) of 34 mammograms were read as suspicious 
for an occult breast primary cancer. None of the preoperative 
chest roentgenograms revealed possible metastases or lung 
primary cancer. Twenty-seven patients (77%) had periopera- 
tive bone scans. All of <9 ig were unremarkable for metastat- 
ic disease. 

Most patients ee oe further diagnostic studies once 
metastatic adenocarcinoma to the axilla was either identified 
or suspected. The number of tests before definitive surgery 
ranged from zero to eight, with a mean of two. The most 
common studies were upper and lower gastrointestinal tract 
series, computed tomographic scan of the chest and abdomen, 
plain bone films, and thyroid scans. All of these other tests 
failed to reveal another primary cancer or other metastases. 

Twenty patients presented with right axillary adenopathy, 
and 15 patients presented with left axillary node enlarge- 
ment. All underwent biopsy and were found to have metastat- 
ic adenocarcinoma consistent with a breast primary cancer. 
Twenty-eight patients subsequently underwent a mastecto- 
my (16 radical, 12 modified radical). The 16 radical mastecto- 
mies were performed during the earlier period of the study 
(1975 to 1984), while the 12 modified radical mastectomies 
were done during the later period (1979 to 1988). One patient 
underwent simultaneous bilateral radical mastectomies. She 
presented with a palpable carcinoma in the right breast and a 
palpable left axillary lymph node. The histologic findings of 
the carcinoma in the lymph node were sufficiently different 
from those of the contralateral breast cancer that an occult 
left breast cancer was suspected. Histopathologic evaluation 
of the breast specimens showed that bilateral primary breast 
cancer was present. 

The remaining seven patients had either a limited resection 
of a mammographically suspicious quadrant with axillary 
dissection and radiation therapy (n= 4), an axillary dissection 
with radiation (n = 2), or breast quadrantectomy alone (n= 1). 
The decision for the type of operation was influenced by the 
growing trend for breast conservation. 

In addition to the patient who underwent simultaneous 
bilateral radical mastectomies, four other patients had con- 
tralateral breast cancers treated either before or after the 
therapy for their occult cancer. Three of the four had their 
nonoccult contralateral disease in the remote past (3, 7, and 9 
years). Two of these patients underwent mastectomy for the 
occult stage II cancer, with the primary cancer located in one 
breast specimen. An axillary dissection without treatment to 
the ipsilateral breast was completed in the third. The last 
patient in this group was treated with mastectomy for a 
breast cancer found on routine mammographic screening 39 
months after treatment of the contralateral occult cancer. 
The first three patients in this group have died of their 
disease, while the last is alive without recurrence 84 months 
later. 

Estrogen and progesterone receptor analysis was com- 
pleted for 28 of the 35 patients. Fifteen primary breast tumors 
were of sufficient size for histopathologic and receptor analy- 
sis. The other specimens submitted were the metastatic le- 
sions in the axillary lymph nodes. Fourteen lymph node or 
breast specimens (50%) were positive for ER, and the other 
14 were negative (Table 1). Among the specimens submitted 
for both ER and PR status (n=25), 44% were negative for 
both, 32% were positive for both, and 24% were positive for 
ER but negative for PR. No patient was positive for PR and 
negative for ER. 

Examination of the operative excised specimen showed 
either invasive carcinoma (n= 18) or in situ carcinoma (n= 4) 
in 22 (67%) of 33 breast specimens (Fig 1). An occult cancer 
was identified in 20 (71%) of the 28 mastectomy specimens, 
and in 2 (40%) of the 5 segmental resections. Three of the 4 
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Table 1.—Estrogen Receptor (ER) and Progesterone 
Receptor (PR) Results of Specimens* 
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Fig 1.—Size and pathologic distribution of breast specimens from 
patients with occult cancer. DCIS Micro indicates microscopic ductal 
carcinoma in situ. 


patients with in situ disease had diffuse in situ component 
involving all four quadrants of the breast (Fig 1). The single 
patient with in situ disease without a diffuse component was 
also the only case in which a breast prosthesis had been 
present. Ten (45%) of the 22 cancers were multifocal in the 
breast specimen. These results were compared with the 
mammogram readings to determine whether mammography 
predicted which patients would have an identifiable cancer in 
the specimen (Table 2). 

At the time of this study, 22 (63%) of the patients were alive 
with no evidence of disease, 8 (23%) had died oftheir disease, 4 
(11%) were alive with disease, and 1 (3%) had died of other 
causes. Overall 5- and 10-year actuarial survival was 75% and 
55%, respectively (Fig 2). Patients who underwent an axil- 
lary lymph node dissection following a prior diagnostic lymph 
node biopsy had the same 5- and 10-year survival of 80% if all 
subsequent nodes were negative (9 patients), and 72% and 
43%, respectively, if at least one other node was positive (25 
patients) (Fig 3). Patients also had a decreased 5- and 10-year 
survival if they were ER negative (62% and 24%, respective- 
ly), rather than ER positive (74% at both time points)(Fig 4). 

The patients who underwent mastectomy and breast pres- 
ervation were similar for age, node status, and whether they 
received adjuvant systemic therapy (Table 3). The 5-year 
survival of these two groups was not significantly different 
(77% and 65%, respectively) (Fig 5). It should also be noted 
that 5- and 10-year survival was not significantly different 
between patients in whom the breast primary cancer was 
found on pathologic examination and those in whom it was not 
(Fig 6). 

Nineteen patients received postoperative adjuvant chemo- 
therapy and/or hormonal therapy. Their 5-year survival was 
comparable with those who did not receive adjuvant therapy 
(79% and 77%, respectively) (Fig 7). It should be noted, 
however, that 16 (84%) of the 19 adjuvant patients had residu- 
al postbiopsy axillary disease, while only 5 (45%) of the 11 who 
received no further treatment had positive dissections. This 
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Table 2.—Mammogram Interpretations Compared With 
Breast Cancer 


No. (%) of Patients 


No Cancer 
in Breast 


Cancer in 
Breast 
6 (67)* 
15 (65) 


Suspicious (n= 9) 
Normal (n = 23) 


*Sensitivity was 29%. 
tSpecificity was 73%; accuracy, 44%. 
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on 
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Fig 2.—Overall survival of patients with occult breast cancer present- 
ing with axillary metastases. 
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Fig 3.—Overall survival based on pathologic evaluation of axillary 
lymph nodes after the initial positive axillary biopsy. 
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Fig 4.—Overall survival based on the results of estrogen receptor 
analysis of the primary breast cancer or the axillary specimen. 
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Table 3.—Breast Preservation vs Mastectomy Groups 


% of Patients 


Positive 
Axillary 
Dissections 


Group 
(No. of 
Patients) 


Adjuvant 
Thera 


Mean Age, y 


—— Mastectomy 
—— No Mastectomy 
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Fig 5.— Overall survival based on the surgical procedure. 
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Fig 6.—Overall survival based on whether the primary breast cancer 
was found on pathologic examination. 
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Fig 7.—Overall survival based on whether adjuvant systemic therapy 
was administered. 
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i 
suggests a benefit from adjuvant therapy since patients with 
positive nodes should have had a decreased survival. 


COMMENT 


This study confirms that women who present with meta- 
static axillary nodal disease and are without clinical or diag- 
nostic evidence of primary disease must be considered as 
harboring an occult carcinoma in the ipsilateral breast. Sixty- 
seven percent of the breast specimens in this study contained 
a focus of carcinoma. This is consistent with the literature, 
which shows that 55% to 100% of these patients have an occult 
breast cancer.” 

Older studies are pessimistic about the role of mammogra- 
phy in identifying the primary cancer.*** This current study, 
utilizing modern m ographic equipment, yields the same 
conclusion. Thirty-four of the 35 patients had had a preoper- 
ative mammogram. Only 6 of the 21 patients with histological- 


ly proved breast cancer had mammograms interpreted as . 


suspicious for a breast primary cancer. In addition, an inter- 
pretation bias toward positive readings may be seen in that 
the radiologist was frequently aware of the axillary nodal 
disease. It is important that clinicians appreciate the inade- 
quacy of mammography in diagnosing a primary breast can- 
cer in these patients, since delay in treatment may lead to a 
poor prognosis. 

Aside from breast cancer, many other adenocarcinomas 
have been shown to metastasize to axillary lymph nodes.’ The 
most common of these include lung, thyroid, gastric, colorec- 
tal, and pancreas. Once a diagnosis of metastatic adenocarci- 
noma in an axillary lymph node is made in a female patient, 
there is a tendency to subject patients to an exhaustive inves- 
tigation. In addition to mammogram, chest roentgenogram, 
and bone scan, patients in this study averaged two more 
roentgenographic or nuclear medicine tests (range, zero to 
eight). However, most of these additional tests failed to iden- 
tify another primary site for carcinoma. We agree with the 
recommendation of Fitts et al, and more recently Kemeny et 
al,” that further diagnostic workup is unnecessary. A thor- 
ough history, physical examination, screening blood work, 
and chest roentgenogram are sufficient for locating other 
potential primary sites of carcinoma. Although our study 
confirms the mammogram to be generally of low yield, it 
should be performed because abnormal study results will 
persuade the patient to undergo and physician to perform a 
biopsy and possibly definitive therapy for breast cancer. 

Some have suggested that ER and PR analysis of the lymph 
node biopsy may help in confirming a breast primary can- 
cer." As shown in this series, and in other studies of all 
patients with breast cancer, 50% to 60% of breast cancers are 
positive for ER and/or PR. "“ Thus, a negative receptor analy- 
sis on an axillary lymph node biopsy does not rule out a breast 
primary cancer. Although a positive result can be seen with 
other primary cancers, such as renal cell, melanoma, and 
colorectal, ™* a significant elevation is pathognomonic for 
breast cancer. Since ER-negative patients in this study ex- 
hibited a poorer survival (Fig 4), its prime role may be to 
influence the decision to administer adjuvant systemic 
therapy. 

Twenty-two of the 33 breast specimens contained carcino- 
ma. It should be noted that 4 of these were purely in situ 
lesions. This is particularly interesting since a number of 
series of nonpalpable in situ carcinomas show that these 
metastasize to the axilla in only 1% of cases.” Despite this, 
other published series of occult breast cancer demonstrate an 
8% to 20% incidence of in situ cancer as the only primary 
lesion. Rosen” reported 8 cases of occult metastatic mamma- 
ry carcinoma in axillary lymph nodes, where extensive sec- 
tioning of the breast demonstrated noninvasive in situ carci- 
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noma. He speculated that either the thorough sampling 
process failed to locate the primary invasive cancer or, as seen 
with electron microscopy, invasion through the basement 
membrane may occur before detection by light microscopy.” 
However, it is not clear that basement membrane invasion 
that is only detected by electron microscopy has any clinical 
significance. The answer to this question may lie in the fact 
that three of the four patients in our series had diffuse in situ 
disease. It has recently been demonstrated that the invasive 
potential of in situ lesions is related to the extent of the in situ 
component.” 

The management of patients with occult stage II breast 
cancer is controversial. Most patients and surgeons are reluc- 
tant to proceed with definitive breast cancer treatment with- 
out a tissue diagnosis of breast cancer. Traditionally, the 
treatment of choice for these patients was radical or modified 
radical mastectomy.’ With the exception of one study,’ most 
groups have shown long-term survival with mastectomy to be 
at least comparable with that for nonoccult stage II breast 
cancer. The survival data are also compatible with a recent 
publication from MSKCC analyzing occult breast cancer data 
accrued primarily from pathologic consultations of patients 
treated at other institutions (P. P. Rosen, M. Kimmel, unpub- 
lished data, 1989). Recently, some authors have suggested 
either conservative surgery with or without radiation or pri- 
mary radiation therapy.*”” The advantage to these ap- 
proaches is breast conservation with apparent comparable 
survival. Boost radiation to the breast primary cancer is not 
possible unless a random biopsy is positive for mammary 
carcinoma. Recurrences may be treated with salvage 
mastectomy. 

Although the number of patients in our nonmastectomy 
group was small (seven patients), the data suggest a compara- 
ble survival when compared with the mastectomy group (65% 
and 77% 5-year survivals, respectively). It is too early to tell 
whether breast conservation with radiation therapy for occult 
stage II breast cancer has an increased local recurrence rate. 
The major disadvantage to this approach is the failure to 
confirm the presence of a primary breast cancer. Historically, 
however, one third of these patients will not have an identifi- 
able breast cancer in the mastectomy specimen. Although 
mastectomy affords local-regional control, selection of mas- 
tectomy vs breast conservation did not alter subsequent sys- 
temic treatment. In the future, analysis of the axillary speci- 
men with flow cytometry and oncogene amplification may 
impact on decisions regarding surgical and medical 
management. 

The other major issue in this patient group is whether 
adjuvant systemic therapy has a role. Studies have shown 
significant survival advantages in patients with stage II 
breast cancer given adjuvant therapy.”” Although the pri- 
mary cancer is not always found in the breast specimen, 
patients with occult carcinoma metastatic to the axilla have 
stage II disease and should also be treated with systemic 
therapy. This study showed that the survival for patients 
treated with adjuvant therapy was essentially the same as 
that for patients who were not treated. However, there were 
only a small number of patients, which makes it difficult to 
detect a statistically significant improvement in survival with 
adjuvant therapy. There is a suggestion of a benefit since 
most of the patients in the adjuvant group had residual axil- 
lary disease after the initial biopsy, while less than half in the 
nontreated group had residual disease. Patients in this study 
with residual axillary disease had a decreased survival. As a 
result, the adjuvant group should have had a decreased sur- 
vival. Since they did not, adjuvant systemic chemotherapy or 
hormonal therapy in occult breast cancer may prove to be 
beneficial. 
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Changes Associated With Metastasis in 
B16-F1 Melanoma Cells Surviving Heat 


S. David Nathanson, MD; Robert F. Cerra, PhD; Fred W. Hetzel, PhD; Richard J. Zarbo, MD; 
John D. Crissman, MD; Robert Page, MS; Patricia Anaya, MS; Patricia Westrick 


e Metastasis to distant sites is mediated by various receptors 
on the surface of tumor cells. B16-F1 melanomas surviving 
43.5°C heat in vitro for 15 minutes and cultured for 10 days bind 
significantly increased amounts of the basement membrane pro- 
tein laminin. Motility of heat-resistant B16-F1 cells in vitro toward 
the chemoattractant laminin is significantly increased. The in- 
creased expression of putative laminin receptors may be associ- 
ated with increased metastasis of melanomas after subcurative 
hyperthermia. 

(Arch Surg. 1990;125:216-219) 


he process of cancer metastasis consists of multiple, se- 

quential, interrelated steps.’ The spread of tumor cells 
involves the release of cells from the primary tumor, dissemi- 
nation to distant sites, arrest in the microcirculation of or- 
gans, extravasation and infiltration into the stroma of those 
organs, and survival and growth into metastatic foci. Inva- 
sion into parenchyma of organs is thought to be facilitated by 
tumor cell migration’ induced by laminin, fibronectin, colla- 
gen IV, and other chemoattractants found in basement mem- 
branes and extracellular matrix.** Receptors for laminin that 
mediate motility are increased in number or degree of binding 
on tumors with increased metastasis capability.’ Experimen- 
tal methods that cause increased metastasis in vivo result in 
an increase in tumor cell motility measured in vitro.*® Meth- 
ods, such as cell migration, that enhance the expression of a 
functional phenotype are useful in the study of the mecha- 
nisms of metastasis.’ 

Spontaneous metastasis to both regional lymph nodes and 
lungs is increased after sublethal local hyperthermia (HT).* 
We observed an increase in pulmonary tumor colony forma- 
tion after sublethal in vitro heating of B16-F10 or B16-F1 
melanomas injected intravenously into mice 10 days later 
(S.D.N., unpublished data, 1989). A variety of biochemical 
changes in the nucleus, cytoplasm, and membranes are in- 
duced by heat,” and some of these changes may be linked to 
functional alterations such as thermotolerance.””* The recent 
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report of an increase in expression of a cell adhesion protein in 
heated cells” may partially account for increased metastasis 
after HT by inducing cells to adhere more actively to base- 
ment membranes and enhancing tumor cell extravasation. 

Cell surface proteins are involved in the cascade of metasta- 
sis.* Laminin receptors are present on the surface of tumor 
cells and are necessary in the migration process. **™® We did a 
series of experiments designed to test the hypothesis that 
laminin receptors on B16-F1 melanoma cells are increased 
some days after heating. This postulate was entertained be- 
cause of recent reports linking expression of complex protein 
secretion by cells to the induction of heat-shock promoter 
genes.” The timing of gene induction in these studies was 
delayed after the initial stimulus, which prompted us to exam- 
ine laminin binding and chemotaxis of B16-F'1 melanoma cells 
recovering from heat shock. 


MATERIALS AND METHODS 
In Vitro Heating and Culture of Tumor Cells 


The F1 variant of the B16 melanoma (B16-F 1)” and early-passage 
tumor cells were used for all experiments. These cells were stored 
frozen in liquid nitrogen, thawed, and cultured as previously de- 
scribed.” Viable cells, identified by trypan blue exclusion, were 
heated in a water bath to 43.5°C at 1 x 10° cells per milliliter of RPMI 
1640 medium with 10% fetal calf serum (GIBCO, Grand Island, NY) 
in 15-mL plastic tubes (Corning, Corning, NY). Cells heated for 15 
minutes were plated in 75-cm’ tissue culture flasks (Falcon, Oxnard, 
Calif) in complete media and incubated in 5% carbon dioxide at 37°C 
in a humidified atmosphere. Daily growth of cells was carefully 
monitored by inverted phase contrast microscopy (Olympus, Tokyo, 
Japan). Tumor cells reaching confluence were subcultured into fresh 
tissue culture flasks by brief exposure to 0.2% trypsin-ethylenedia- 
minetetraacetic acid (GIBCO) and washed three times in complete 
medium as previously described.” Cells were incubated for 40 min- 
utes in 50-mL conical tubes (Corning) at 37°C in a humidified 5% 
carbon dioxide incubator prior to assays of motility and laminin 
binding to allow regeneration of cell surface components.” 


Soft Agar Clonogenic Culture 


B16-F 1 tumor cells were heated for various time periods and plated 
in a bilayer agar culture system consisting of 0.3% agarose (Bacto- 
agar, Difco, Detroit, Mich) and dissolved in CMRL 1066 medium 
enriched with 15% horse serum in each of three 35-mm plastic Petri 
dishes at an inoculum density of 7.5 x 10‘ cells per plate as previously 
described.” Colonies (aggregates =50 cells) usually appeared within 
10 to 14 days of culture at 37°C in a carbon dioxide incubator. Colony 
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numbers were determined by direct microscopic enumeration using 
an inverted stage, phase contrast microscope at x 40 magnification. 


Binding of Laminin to Tumor Cell Surface 


One million B16-F 1 cells per milliliter in RPMI 1640 were incubated 
with 3 mg/L of purified mouse laminin (Collaborative Research, 
Bedford, Mass) at room temperature for 40 minutes and excess 
laminin was removed by washing three times in complete medium. 
Rabbit anti-mouse laminin (Collaborative Research) was incubated 
with the laminin-coated cells at a dilution of 1:600 at 4°C for 1 hour. 
This dilution was optimized by titration. The cells were washed three 
times in complete medium and incubated at room temperature for 60 
minutes with a dilution of 1:150 of fluoresceinated pig anti-rabbit IgG 
(Dakopatts, Glostrup, Denmark) in the dark. Fluorescein binding to 
the surface of heated and nonheated cells was quantitated with a flow 
cytometer (FACScan, Becton-Dickenson, Oxnard, Calif). Twenty 
thousand cells were analyzed and the distribution curves of fluores- 
cence intensity per cell plotted. The fluorescence binding to heated 
cells was compared with the binding of nonheated cells after subtrac- 
tion of background fluorescence determined with negative controls. 
This assay was done on tumor cells heated to 43.5°C for 15 minutes 
and cultured for 10 days to ensure that the cells were viable and 
dividing. Each test was performed in triplicate and the experiment 
repeated six times. Unstained cells, cells stained with laminin alone, 
antilaminin alone, fluoresceinated secondary antibody alone, or any 
two of these together were run as negative controls to determine cell 
autofluorescence and nonspecific binding. 


Migration of B16-F1 Toward Laminin 


Chemotaxis of heated or unheated B16-F 1 tumor cells after in vitro 
heating to 43.5°C for 15 minutes and cultured for 10 days was assayed 
as previously described.” Briefly, the bottom well of a modified 
48-well Boyden chamber (Nuclepore, Pleasanton, Calif) was filled 
with RPMI 1640 media and mouse laminin (Collaborative Research) 
at concentrations of 0, 1.5, 3.0, or 6.0 mg/L. Over this was placed an 
uncoated 8-m pore polycarbonate filter (Nuclepore). Tumor cells 
harvested from tissue culture were placed in the top wells at a dilution 
of 2 x 10° cells per milliliter. Each data point was plated in triplicate. 
The chamber was incubated for 4 hours at 37°C, the filters were 
removed and stained with Wright-Giemsa (Diffquick, American 
Scientific Products, Romulus, Mich), and the cells were transferred 
by wiping onto glass slides. The slides were scanned with a laser 
densitometer (LKB Ultroscan 2202, Pharmacia-LKB, Piscataway, 
NJ) equipped with a recording integrator (Hewlett-Packard, Cuper- 
tino, Calif) and the results recorded as cell number. Chemotaxis for 
each laminin concentration was repeated 10 times. 


Statistical Methods 


Analysis of variance (ANOVA)” was conducted to determine the 
impact of laminin concentration on the number of heated vs unheated 
cells migrating through the polycarbonate filter in the motility assay. 
To correct for heterogeneous variances between the groups, the cell 
count values were transformed to Ln (cell count plus 1000). 

The percent of laminin binding to heated cells divided by the 
percent laminin binding to nonheated cells was analyzed by a two- 
factor mixed model ANOVA.” The t statistics were computed using 
the mean squared error from the ANOVA, with df= 24. 


RESULTS 
Survival of B16-F1 Cells After Heating 


Figure 1 shows the number of colonies surviving heat of 
43.5°C for time period 0 (no heat) up to 50 minutes. Eighty 
percent of B16-F1 cells are killed by 15 minutes of heat. The 
surviving 20% are apparently resistant to heat at this time- 
temperature combination. 


Binding of Laminin to the Surface of Heated B16-F1 Cells 


The relative binding of laminin to the surface of heated 
B16-F 1 cells is demonstrated by the increased fluorescence 
(shaded curve) and cell autofluorescence (left curve) com- 
pared with unheated cells (center curve) in Fig 2. Other 
controls, including fluorescein-labeled secondary antibody or 


Arch Surg—Vol 125, February 1990 


10 


0.1 


Survival 


0.01 


0.001 
0 10 20 30 40 50 
Minutes 
Fig 1.—The survival of B16-F1 tumor colonies (>50 cells per colony) 
in soft agar clonogenic assay depicted on a log scale. No colonies 
were apparent after 38 minutes of heat. Twenty percent of cells heated 
for 15 minutes at 43.5°C survived. 
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Fig 2. — Intensity of fluorescence on the surface of B16-F1 melanomas 
showing the binding of laminin to heated cells cultured for 10 days 
(shaded curve) and unheated cells (center curve). The curve on the 
left represents autofluorescence with no laminin binding. 
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antibody alone, show no additional binding to the cell surface. 
The Table shows the P values that result from comparing 
heated and unheated conditions for each experiment sepa- 
rately. The degree of binding differs from experiment to 
experiment. However, within each experiment the SDs are 
less than 10%. Although two experiments did not show differ- 
ences, there was a statistically significant (P= .0001) differ- 
ence between heated and unheated cells in the data pooled 
from all six experiments. 


Motility of Heated B16-F1 Cells Toward Laminin 


The motility of B16-F'1 melanoma 10 days after heating is 
shown in Fig 3. The number of cells migrating through the 
polycarbonate filters increase with increasing laminin concen- 
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Six Experiments Showing Binding of Laminin to Heated or 
Unheated B16-F1 Melanoma Cells Detected by 
Fluorescence Microscopy 
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trations. For each of the laminin concentrations, heated cells 
are more motile than unheated controls. When all data points 
are compared by ANOVA, heated cells are significantly 
(P<.0001) more motile than unheated cells. 


COMMENT 


The plasma membrane of tumor cells is affected by HT ina 
number of ways,’ and the experiments reported in this article 
show a novel HT-induced change. Laminin receptors appear 
to be increased following HT as demonstrated by increased 
binding of laminin to the surface of B16-F 1 melanoma cells. In 
addition, increased motility toward laminin in chemotaxis 
chambers was observed and is also likely to be secondary to 
increased expression of membrane laminin binding receptors. 
These in vitro effects of heat may account for an increase in 
spontaneous’ and experimental (S.D.N., unpublished data, 
1989) metastases after HT. 

Receptors on tumor cell surfaces are vital to the process of 
tumor cell motility.” Binding of ligands within the laminin 
molecule or other extracellular matrix proteins to an unoccu- 
pied receptor initiates a cycle of endocytosis.” The receptor 
and its bound protein diffuse in the plane of the membrane 
until it encounters a clathrin-coated pit. Endocytosis occurs 
when enough receptors have joined the coated pit and form an 
endosome in the cytoplasm, which is extruded through the 
leading edge of the cell by exocytosis. Movement of the sur- 
face membrane from the leading edge to the rear causes the 
cell to move forward like a military tank.” Increasing concen- 
trations of laminin result in increased chemotaxis in vitro until 
a plateau is reached, presumably when all available laminin 
receptors are bound. A decrease in the number of laminin 
receptors on cells exposed to sodium butyrate” results in 
decreased motility toward laminin. The increase in laminin 
binding with corresponding increase in motility seen after 
sublethal heating is probably due to increased laminin recep- 
tors on the cell surface.” 

The correlation between motility of tumor cells in vitro and 
their metastatic potential in vivo”’ underlines the importance 
of this cell function in the spread of tumors. Human tumors 
with proved metastatic ability have a greater ability to bind 
laminin.’ Antibodies that bind specifically to laminin recep- 
tors inhibit tumor cell migration in vitro and inhibit metasta- 
sis in vivo.’ Experiments in our laboratory that show marked- 
ly increased numbers of pulmonary metastases of sublethally 
heated B16-F1 melanoma cultured for 10 days (S.D.N., un- 
published data, 1989) are a further example of a correlation 
between motility and metastasis. 

The timing of increased laminin binding after sublethal 
heating is difficult to interpret. Preliminary experiments 
with this model do not show increased laminin bindings on 
days 1 through 4 after heating, but this phenomenon appears 
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Fig 3.—Migration of heated (triangles) and unheated (circles) B16-F1 
melanoma cells through polycarbonate filters (see the “Motility of 


Heated B16-F1 Cells Toward Laminin” section) toward three concen- 
trations of laminin or control with media only. 


to peak 10 days after heating. The kinetics of this response do 
not correlate with the expression of heat-shock proteins in 
cells that survive exposure to heat.* Heat-shock protein 70, 
one of the species of heat-shock proteins that appears to be 
involved in thermotolerance,” begins to appear within a few 
hours of heating, peaks at 24 hours, and begins to disappear 
between 72 and 96 hours. Most of the known heat-shock 
proteins are found in cytoplasmic organelles or the nucleus or 
the nuclear membrane but not in the plasma membrane.” 
Transient induction of genes is a well-known phenomenon. 
The delayed expression of putative cell surface laminin recep- 
tors may be caused by induction of the gene for this protein by 
heat-shock promotor genes.” 

Invasion is fundamental to metastasis, and the biochemical 
and molecular basis of this important function of malignant 
cells is currently under intense study.” Methods that enhance 
the expression of tumor cell components involved in metasta- 
sis are useful in the study of the mechanisms of metastasis.’ 
Examples of this are the current research on transfection of 
DNA (including known oncogenes) into normal or nonmetas- 
tatic tumor cells to induce the metastatic phenotype.” Hyper- 
thermia may increase metastasis by inducing cell surface 
expression of components involved in the process of metasta- 
sis. Our study of the migration of B16-F1 melanoma toward 
laminin, and the correlation with laminin binding and in vivo 
metastasis that occurs 10 days after sublethal heating, pro- 
vides a model for further study of the biochemical mechanisms 
of metastasis. 
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continuation rates into fellowships, and distinctive patterns of subspecialization are found among women, 
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Successful Combination Immunotherapy 


for the Generation In Vivo of Antitumor 
Activity With Anti-CD3, Interleukin 2, 
and Tumor Necrosis Factor a 


Stephen C. Yang, MD; Kim D. Fry; Elizabeth A. Grimm, PhD; Jack A. Roth, MD 


è The purpose of this study was to generate lymphokine- 
activated killer cells via alternative pathways using combina- 
tions of biologic agents. Immunotherapy with the mouse anti- 
CD3 analogue combined with low-dose interleukin 2 (IL-2) and 
tumor necrosis factor « (TNF-a) was tested for in vivo antitumor 
efficacy against established pulmonary metastases from a vari- 
ety of mouse tumor-cell lines. Administration of a single dose of 
anti-CD3 followed by low-dose IL-2 and TNF-a potentiated reduc- 
tion of metastases compared with higher doses of IL-2 alone or 
IL-2 plus TNF-a. Treatment with anti-CD3 plus IL-2 plus TNF-a 
significantly prolonged survival and resulted in 60% of the mice 
achieving long-term survival compared with no survival using 
single agents or other combinations. The lymphokine-activated 
killer and natural killer activities of mouse splenocytes increased 
following treatment with anti-CD3 plus IL-2 plus TNF-a. These 
results indicate that the sequential use of anti-CD3, IL-2, and 
TNF-a for the induction and maintenance of lymphokine-activat- 
ed killer activity potentiates antitumor activity and provides nov- 
el strategies for combination immunotherapy. 

(Arch Surg. 1990;125:220-225) 


doptive immunotherapy using interleukin 2 (IL-2) for 

the generation of cytotoxic lymphocytes with lympho- 
kine-activated killer (LAK) activity and subsequent reinfu- 
sion of LAK has resulted in regression of advanced malignant 
neoplasms in selected patients.'’ However, the severe toxic- 
ity associated with LAK-IL-2 therapy and the limited num- 
ber of responses have been major barriers to successful immu- 
notherapy for other tumor types. 

An alternative to adoptive immunotherapy is activation of 
the endogenous immune response with combinations of bio- 
logic agents. Human recombinant tumor necrosis factor a 
(TNF-a) is cytotoxic and cytostatic for various cell lines in 
vitro” and causes growth retardation of selected murine 
tumors in vivo.*” The simultaneous addition of IL-2 and 
TNF-a was reported by our laboratory”” to act synergisti- 
cally for LAK induction. This synergistic effect was observed 
in both mouse models in vivo” and human clinical trials 
(S.C.Y., E.A.G., J.A.R., unpublished data, 1989). 

Another method for enhancing host antitumor effector 
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mechanisms that may complement IL-2-TNF-a activation is 
related to activating cell membrane receptors associated with 
T-cell recognition. Previous studies have shown that mono- 
clonal antibodies directed against the invariant region of the 
CD83 determinant can induce a variety of T-cell functions.” 
High concentrations of the anti-CD3 antibody can inhibit 
antigen-directed cytotoxic activity, demonstrated by the clin- 
ical use of the antibody OKT3 for suppression of graft rejec- 
tion.” However, at 100-fold lower doses, anti-CD3 has mito- 
genic properties for the T-cell population in vitro.” 

Although anti-CD3, IL-2, and TNF-a have low levels of 
antitumor efficacy as individual agents, it is possible that a 
combination of the three would demonstrate increased activi- 
ty. This is based on the observation that immunomodulation 
involves several events leading to the production of one or 
more cytokines that act to amplify the immune response.” We 
have previously reported the in vitro activation of human 
peripheral blood mononuclear cells with OKT3 followed by 
low concentrations of IL-2 and TNF-a.” This led to significant 
enhancement of both proliferation and LAK induction of cyto- 
toxic lymphocytes compared with optimal concentrations of 
IL-2 alone. However, the efficacy of this combination in mu- 
rine immunotherapy models remained to be tested. 

Recently, a hamster anti-mouse monoclonal antibody (145- 
2C11) was synthesized that recognizes the e chain of the 
murine CD3 complex. Incubation of mouse splenocytes with 
the anti-CD3 antibody results in the development of an activa- 
tion system with both proliferative and antitumor proper- 
ties” similar to those observed with the human OKT3 ana- 
logue. Therefore, the present study was designed to 
corroborate our earlier in vitro results by using combinations 
of anti-CD3 with low doses of IL-2 and TNF-a for LAK 
induction in vivo. In this report, the antitumor effect of these 
biologic agents was assessed on established mouse pulmonary 
metastases. Our results demonstrated that the administra- 
tion of a single dose of anti-CD3 followed by low-dose IL-2 and 
TNF-a yielded the greatest antitumor effect compared with 
other combinations. Our data suggest that combination im- 
munotherapy enhances antitumor efficacy by recruiting sev- 
eral lytic cell types and by inducing unique cell surface 
changes. This therapy may prove to be more efficacious 
against a broader range of malignant neoplasms than therapy 
with IL-2 alone. 


MATERIALS AND METHODS 
Monoclonal Antibody 145-2C11 


The hybridoma 145-2C11 was generated from fusion of Armenian 
hamster splenocytes with the mouse myeloma cell line SP2/0 as 
previously described.” The anti-CD3 monoclonal antibody was pro- 
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duced by inoculating the hybridoma intraperitoneally into nu/nu 
balb-e mice (Charles River Laboratories Inc, Wilmington, Mass). 
The antibody was recovered 3 weeks later from generated ascites and 
quantitated by an enzyme-linked immunosorbent assay. 


Recombinant IL-2 and TNF-a 


Human IL-2 and TNF-a produced from recombinant Escherichia 
coli were from Cetus Corp, Emeryville, Calif. The specific activities 
of IL-2 and TNF-a were 3 x 10° and 5 x 10' U per milligram of protein, 
respectively. 


Tumors 


The B16 and K-1785M2 (metastatic subclone of K-1735) cell lines 
are murine melanoma lines of C57BL/6 origin” with high pulmonary 
metastatic potential. The incthyicholeutinebielndised sarcoma cell 
line MCA-203 is also of C5TBL/6 origin. Cryopreserved cells of low 
passage number were placed into Dulbecco’s modified Eagle’s medi- 
um with 10% heat-inactivated fetal calf serum supplemented with 
penicillin G, 100 U/mL, streptomycin sulfate, 100 mg/L, and gluta- 
mine, 300 ug/L, for two passages prior to inoculation. The natural 
killer (NK)-sensitive YAC-1 (leukemia virus-induced mouse lympho- 
ma) and NK-resistant P815 (mouse mastocytoma) tumor targets 
were obtained from the American Tissue Culture Corp, Rockville, 
Md, and were subcultured in, respectively, RPMI 1640 and Dulbec- 
co’s modified Eagle’s medium supplemented with 10% fetal calf serum 
and the additives described above. Cells were cryopreserved until 
the time of cytolytic assay. 


Pulmonary Metastasis Models 


Adult (8 to 12 weeks of age) B6C3F, mice (C3H x C57BL6, Charles 
River Laboratories Inc) were injected in the lateral tail vein on day 0 
with 1x 10° B16, 5x 10° K-1735M2, or 1x 10° MCA-208 cells in a 
carrier volume of 0.5 mL of Hanks’ balanced salt solution (HBSS) and 
randomized into treatment groups. Metastatic pulmonary tumors 
were established by day 3, evident by multiple microscopic foci. 
Treatment of pulmonary metastases began on day 3 witha single 5-ng 
intraperitoneal dose of anti-CD3 followed by the addition of either 
IL-2 alone (12 500 or 6000 U per inoculum twice daily) or IL-2 with 
TNF-a (25 000 U/d) on days 6, 9, and 12. The results of this treatment 
were compared with HBSS, anti-CD3 alone (day 3 only), and high- 
dose IL-2 alone (50 000 U per inoculum twice daily on days 3, 6, and 
9), Animals were killed by cervical dislocation on day 15, when 
macroscopic tumor was easily visualized. The B16 lung metastases 
were recognized as black nodules after the specimens were insuf- 
flated and fixed with a 4% formaldehyde solution. Lungs with K- 
1735M2 and MCA-203 metastases were fixed and bleached in Fe- 
kete’s solution after endotracheal insufflation with 15% india ink 
solution; with this fixation procedure, white tumor nodules stood out 
against a black background. The total number of pulmonary nodules 
was counted in a blinded fashion without knowledge of the treatment 


group. 
Preparation of Splenocytes 


Spleens from killed animals were crushed with the hub of a 10-mL 
syringe in cold RPMI 1640 medium. The cell suspension and frag- 
ments were then passed through four layers of sterile gauze. Red 
blood cells were removed by osmotic lysis with buffered TRIS-am- 
monium chloride solution (pH 7.2) for 5 minutes at room temperature. 
The cell suspension was then washed twice in HBSS. For analysis of 
IL-2 receptor expression, cell-bound IL-2 was removed by treating 
cells with sodium citrate, 10 mmol/L, in phosphate-buffered saline 
(pH 4.0) for 15 seconds and centrifuged for 3 minutes at 700g. The cells 
were then resuspended and washed twice with HBSS and resus- 
pended in serum-free medium (AIM-V, Gibco Laboratories, Grand 
Island, NY) for use in cytolytic assays and phenotype studies. 


Cytotoxicity Assay 


The standard 4-hour chromium 51 release assay was used to mea- 
sure in vitro cytolytic activity of splenocytes from tumor-bearing and 
non-tumor-bearing mice treated with combinations of anti-CD3, IL- 
2, and TNF-a. The LAK and NK activity was measured by cytolysis 
of P815 and YAC-1 tumor cells, respectively. Lytic activity against 
fresh K-1735M2 tumor cells was also measured. Tumor targets were 
rapidly thawed, washed three times in AIM-V, and labeled with 
7.4x 10° Bq of [CrJNad, (DuPont, Wilmington, Del) for 2 hours. 
| 
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After an additional 30 minutes of incubation in 5 mL of medium to 
decrease the background activity, the cells were washed three times 
and aliquoted at 2500 cells per well in 0.1 mL into 96-well U-bottomed 
microtiter plates. Activated effectors were prepared as described 
above (without exogenous IL-2 or TNF-a) and added to the wells at 
various effector-target ratios in triplicate patterns for a total volume 
of 0.2 mL per well. The plates were first centrifuged at 45g for 5 
minutes and then incubated for 4 hours at 37°C. The supernatants 
were collected on filter strips and recorded on a gamma counter 
(counts per minute). The percentage of specific tumor lysis was 
calculated with the following formula:  [(E pm Seym) 
(Mum — Sepm)] X 100%, where E „m represents the experimental value 
in counts per minute; S the spontaneous value in counts per minute 
released with the addition of medium to the targets; and M.,,., the 
maximum value in counts per minute released with the addition of 
0.1N hydrochloride to the targets. 


Calculation of Lytic Activity 


Specific lysis of each tumor target was calculated from the mean of 
triplicate data. The use of multiple effector-target ratios yielded a 
sigmoidal killing curve. A linear regression line of best fit was calcu- 
lated from the linear portion of the curve. A lytic unit was defined as 
the inverse number of effectors required to elicit 30% specific lysis of 
the targets, x 10°. 


immunophenotype Analysis 


Phenotypic analysis was performed on the splenocyte population 
(at the same time as the cytolytic assay) from non-tumor-bearing 
mice at specified intervals following treatment with either high-dose 
IL-2 alone (50 000 U twice daily per mouse) or anti-CD3 (5 pg per 
mouse on day 0) combined with low-dose IL-2 (12 500 U twice daily) 
and TNF-a (25 000 U daily). Splenocytes were recovered as de- 
scribed above at 6, 12, 24, and 72 hours after the first injection of 
either IL-2 or anti-CD3 on days 0 and 3 and at the 24-hour time point 
following subsequent doses. Dual color immunofluorescence analysis 
was perfomed on a FACscan flow cytometer (Becton Dickinson, 
Sunnyvale, Calif). Fluorescein isothiocyanate—conjugated IL-2 and 
TNF-a were prepared as previously described and used to detect 
changes in IL-2 receptor (IL-2r) and TNF receptor (TNF'r) expres- 
sion. Splenocytes were also stained for CD3 (145-2C11) by indirect 
labeling with fluorescein isothiocyanate-labeled goat anti-hamster 
IgG (Kirkegaard & Perry, Gaithersburg, Md). Counterstaining was 
performed using biotin-conjugated Thy 1.2 (pan-T cells), Lyt 2 (cyto- 
toxic/suppressor T cells), and Lyt 1 (helper T cells and some B cells) 
with strepavidin-PE (Becton Dickinson) as the second-step reagent. 
L3T4-PE cells (helper T cells) were detected by direct staining. After 
labeling, all cells were fixed in cold phosphate-buffered saline with 1% 
paraformaldehyde and stored at 4°C until the time of analysis. The 
data represent the percentage of positive gated cells after subtraction 
for nonspecific staining of controls. 


Statistical Analysis 


The significant differences in reduction of tumor burden between 
treatment groups were analyzed by the Wilcoxon rank-sum test. 
Statistical differences in survival were calculated by log-rank testing. 
In all experiments, two-sided P values are given. 


RESULTS 


Combination Immunotherapy Enhances 
Regression of Metastases 


The antitumor efficacy of various combinations of anti- 
CD3, IL-2, and TNF-a was evaluated for B16-, K-1735M2-, 
and MCA-203-induced pulmonary metastases. In seven con- 
secutive experiments the combination of a single dose of anti- 
CD8 followed by low doses of IL-2 (12 500 or 6000 U twice 
daily every 3 days for 12 days) and TNF-a (25000 U daily) 
consistently resulted in the greatest reduction in pulmonary 
metastases compared with any other combination of the three 
agents (P<.01). Representative data depicting the antitumor 
effect of the different treatment groups on K-1735M2-in- 
duced metastases are shown in Fig 1. Individual controls with 
no treatment (HBSS), anti-CD8 alone, high-dose IL-2 alone, 
TNF-a alone, and anti-CD3 plus TNF-a are represented by 
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Fig 1.—Antitumor effects on K-1735M2-—induced pulmonary metas- 
tases with the presence (plus sign) or absence (minus sign) of anti- 
CD39, interleukin 2 (IL-2, three plus signs, 50 000 U; two plus signs, 
12 500 U; and one plus sign, 6000 U), and tumor necrosis factor 
(TNF-a, 25 000 U). The mean number of metastases for each group is 
represented by a horizontal bar. 


Table 1.—Effect of Combination Immunotherapy on 
Pulmonary Metastases 


No. of Pulmonary 


Metastases 
= 


Mean (SE) Range Pt 
139 (24) 75-177 

42 (7) 22-60 

7 (2) 1-15 

26 (4) 14-36 


Tumor 
System Treatment Group* 
No therapy 
Anti-CD3 
IL-2 (50000 U) 

IL-2 (12500 U) 


IL-2 (6000 U) 

+ TNF-a 14 (2) 5-19 
Anti-CD3 + IL-2 

(12500 U) + TNF-a 3 (1) 0-6 
Anti-CD3 + IL-2 

(6000 U) + TNF-a 3 (1) 0-7 


MCA-203 No therapy 31 (8) 


Anti-CD3 19 (8) 
IL-2 (50000 U) 19 (4) 


IL-2 (12500 U) 20 (5) 
IL-2 (6000 U) + TNF-a 14 (3) 


Anti-CD3 + IL-2 
(12500 U) + TNF-a 3 (2) 0-9 


Anti-CD3 + IL-2 
(6000 U) + TNF-a 3 (1) 1-5 


169 (10) 155-189 
57 (11) 15-81 

102 (31) 29-208 
111 (24) 60-179 
69 (22) 2-134 


K-1735M2 No therapy 

Anti-CD3 

IL-2 (50000 U) 

IL-2 (12500 U) 

IL-2 (6000 U) + TNF-a 


Anti-CD3 + IL-2 
(12500 U) + TNF-a 13 (6) 0-32 «01 


Anti-CD3 + IL-2 
(6000 U) + TNF-a 15 (5) 0-29 .02 


*|L-2 indicates interleukin 2; TNF-a, tumor necrosis factor a. 

tP values were calculated using the Wilcoxon rank-sum analysis (5 to 10 
animals per group) and are comparisons with the groups treated with Anti-CD3 
alone or IL-2 (6000 U) plus TNF-a. 
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treatment groups 1 through 5, respectively. Groups 6 
through 8 and 10 through 12 served as the combination control 
groups for anti-CD3 plus IL-2 at IL-2 doses of 12 500 and 
6000 U, respectively. Groups 9 and 13 served as the combina- 
tion groups for anti-CD3 plus IL-2 plus TNF-a at IL-2 doses 
of 12 500 and 6000 U, respectively. A reduction in pulmonary 
metastases was seen in all groups; however, the three biologic 
agents in combination yielded the greatest and most statisti- 
cally significant reduction (groups 9 and 13). 

Table 1 substantiates the antitumor effect of anti-CD3, low- 
dose IL-2, and TNF-a in combination for three mouse tumor 
models. Data shown for each tumor model system are repre- 
sentative of two (K-1785M2 and MCA-203) or three (B16) 
experiments. Anti-CD3 alone resulted in significant reduc- 
tions of pulmonary metastases in all tumor systems. Treat- 
ment with an irrelevant goat anti-hamster IgG antibody had 
no effect (data not shown). The antitumor effect of anti-CD3 
combined with low doses of IL-2 and TNF-a was consistently 
equivalent (B16) or superior (K-17385M2 and MCA-203) to the 
use of high-dose IL-2 alone. The K-1735M2-induced pulmo- 
nary metastases were relatively resistant to high-dose IL-2 
alone in three separate experiments; however, a marked 
reduction of metastases (up to 98%) was noted when anti- 
CD8, low-dose IL-2, and TNF-a were used in combination. 

The synergistic effect with the three agents together was 
based on the mean reduction of metastases using anti-CD3 
alone and IL-2 plus TNF-a. For the K-1735M2 results, anti- 
CD8 alone reduced the number of metastases to 34% (57/169) 
of untreated metastases; the additive effect of using anti-CD3 
with IL-2 and TNF-a would predict a reduction to 23 nodules 
(0.34 x 69 nodules). However, a mean value of 13 nodules was 
observed; thus, the effect of anti-CD3 plus IL-2 plus TNF-a 
appeared to be more than additive. The same synergistic 
effect was seen in four of seven experiments; synergy was not 
observed in the three B16 experiments, since IL-2 alone was 
effective in reducing metastases. 


Influence of Combination Immunotherapy on Survival 


We investigated whether the reduction of pulmonary me- 
tastases achieved by the combination of anti-CD3 with low- 
dose IL-2 and TNF-a correlated with prolonged survival of 
treated mice. Figure 2 represents the survival curves from 
one of two experiments for the B16 melanoma system. Only 
the groups receiving anti-CD3 with low doses of IL-2 (12 500 
and 6000 U) and TNF-a demonstrated significant prolonga- 
tion of survival compared with other treatment groups 
(P<.05). Sixty percent of mice treated with anti-CD3 and low 
doses of IL-2 and TNF-a remained alive 60 days after treat- 
ment. Extended survival did not occur in any of the control 
groups (groups 4 through 7 and 10 through 12, Fig 1). 


In Vitro Cytotoxic Activity 


The generation of cytolytic activity in splenocytes from 
non-tumor-bearing mice was determined following adminis- 
tration of either high-dose IL-2 alone or anti-CD3 with low 
doses of IL-2 and TNF-a. The NK and LAK activity was 
measured at regular intervals throughout the 10-day treat- 
ment period by in vitro lysis of YAC-1 and P815 targets, 
respectively. Representative data from one of three experi- 
ments are depicted in Fig 3. Both treatment regimens in- 
creased NK activity through day 10. However, greater in- 
creases in LAK activity were observed in anti-CD3- 
stimulated cells. Similar increases in LAK activity against 
fresh K-1735M2 tumor cells were observed. 


Iimmunofliuorescent Analysis of Activated Splenocytes 


The phenotype cell surface markers of anti-CD3-activated 
splenocytes followed by low-dose IL-2 and TNF-a in vivo 
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were compared with those activated with high-dose IL-2 
alone from the non-tumor-bearing mice used for the cytolytic 
studies. Data from one of two experiments with similar re- 
sults are shown in Table 2. In both activated populations, Thy 
1.2 (pan-T cell) was the predominant surface marker. Activa- 
tion with anti-CD3 led to a higher proportion of Lyt 2 (cyto- 
toxic/suppressor T) cells at the 24- and 72-hour time periods; 
the proportion was consistently higher than with high-dose 
IL-2 alone. The percent of Lyt 1 (helper T)-positive cells 
decreased for both treatment groups within 24 hours but 
returned to baseline values by 72 hours. A significant de- 
crease in the L3T4 (helper T) marker in anti-CD3-stimulated 
cells was observed compared with high-dose IL-2 alone. No 
consistent changes in CD3-positive cells were noted in either 
treatment group. 


IL-2r and TNFr Expression 


Significant IL-2r and TNF r expression occurred on spleno- 
cytes from non-tumor-bearing mice within 78 hours after 
initial exposure to high-dose IL-2 or anti-CD3 alone. In the 
experiment shown in Fig 4, TNF r was elevated 24 hours after 
the initial dose of IL-2 alone, with significant IL-2r expression 
observed 6 hours after the second dose of IL-2 on day 3. In 
contrast, anti-CD8 alone induced a 5.5-fold increase in IL-2r 
expression after 12 hours, with an approximately 10-fold 
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m — E Anti-CD3 + IL-2 (6000 U) + TNF-c 
= 0.60 
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S 0.40 
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Fig 2.—Effect of combinations of anti-CD3, interleukin 2 (IL-2), and 


tumor necrosis factor a (TNF-a) on the survival of mice with B16- 
induced pulmonary metastases. 


increase 6 hours after the first adminstration of low-dose IL-2 
and TNF-a. This increase is 2-fold higher than that expressed 
with high-dose IL-2 alone. Significant TNFr (P<.05) was 
expressed within 12 hours after initial treatment, and expres- 
sion continued to increase after the first dose of low-dose IL-2 
and TNF-a. 


COMMENT 


The clinical use of high-dose IL-2 in combination with the 
adoptive transfer of cytolytic cells with LAK activity can 
mediate tumor regression in patients with advanced malig- 
nant neoplasms. However, this therapy has been ineffective 
against many tumor types and is associated with severe toxic- 
ity. Variations of results from clinical trials employing IL-2 
may be due to the suboptimal activation of cells required to 
achieve a measurable response. Current human immunother- 
apy trials utilizing IL-2 with the adoptive transfer of acti- 
vated cytolytic cells have encountered many technical prob- 
lems. Thus, more effective and novel combinations of biologic 
agents must be sought to generate cytotoxic lymphocytes. 

Our laboratory has previously reported alternative meth- 
ods for the in vitro generation of human lymphocytes with 
LAK activity by using combinations of biologic agents.” 
The synergistic effects of LAK induction with IL-2 and TNF- 
a allowed the use of 10-fold less IL-2 for efficient LAK activa- 
tion.” This effect has been demonstrated in numerous animal 
models. '*” Stimulation of peripheral blood mononuclear cells 
with OKT3 followed by activation with low doses of IL-2 and 
TNF-a significantly increased lymphocyte proliferation com- 
pared with 10-fold higher concentrations of IL-2 alone.*” In 
addition, the total lytic potential of OKT3-stimulated cultures 
increased 1500-fold during the same period against N K-resis- 
tant and fresh tumor targets. Similar results have been seen 
using OKT3 in combination with high doses of IL-2 alone.””” 
The recent availability of an anti-CD3 murine analogue (145- 
2C11)** has enabled us to develop animal models to test these 
observations. 

In this study we employed three different mouse tumor 
metastasis models to test the immunotherapeutic value of 
combining anti-CD3 with IL-2 and TNF-a. For all tumor 
types employed, the three agents in combination resulted in 
the greatest reduction in lung metastases compared with 
other treatment groups (anti-CD3 alone, high-dose IL-2 
alone, or IL-2 plus TNF-a). The effect of combining all three 
agents appeared to be synergistic rather than additive in four 
of seven experiments. This synergistic effect was observed in 


Table 2.—Immunophenotype Changes Induced With High-Dose IL-2 Alone or Anti-CD3 Plus Low-Dose IL-2 and TNF-a Over Time* 


% of Gated Cellst by Time After Injection, h 
EN Á$ 
Phenotype Ot 6 12 24 72§ 96 


IL-2 Alone 


Thy 1.2 97.1 97.2 


96.9 90.2 92.7 98.6 


Lyt 2 32.8 34.4 31.9 25.0 33.2 44.5 


75.6 65.9 75.3 48.5 


Lyt 1 81.7 75.4 
L3T4 50.4 44.6 


50.6 39.7 42.1 48.5 


Anti-CD3 + IL-2 + TNF-a 


Thy 1.2 97.1 97.4 
Lyt 2 32.8 35.9 
Lyt 1 81.7 76.8 
L3T4 50.4 38.3 


94.6 91.1 96.4 98.5 
39.1 53.5 48.4 48.7 
63.3 63.1 79.2 84.5 
30.1 50.6 32.8 38.8 





*IL-2 indicates interleukin 2; TNF-a, tumor necrosis factor a. 
tMean of two values after the subtraction of appropriate controls. 
injection of IL-2 alone (50000 U) or anti-CD3 alone (5 pg). 
§Injection of IL-2 alone (50000 U) or IL-2 (12500 U) plus TNF-a. 
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Fig 3.—Cytolytic activity of splenocytes activated with high-dose in- 
terleukin 2 alone (top, 50 000 U twice daily) or with anti-CD3 and low 
doses of interleukin 2 (bottom, 12 500 U twice daily) and tumor necro- 
sis factor-a (25 000 U daily) against YAC-1, P815, and fresh K- 
1735M2 melanoma targets. 


the K-1735M2 and MCA-203 tumor systems but not in the B16 
model, in which IL-2 alone was effective in reducing metasta- 
ses. Metastases induced by K-1735M2 and MCA-203 were 
relatively resistant to IL-2 alone but were significantly re- 
duced using anti-CD3 with low-dose IL-2 and TNF-a. Thus, 
combination therapy for these model systems was more effec- 
tive than high-dose IL-2 therapy alone. Our results with the 
administration of anti-CD3 alone are similar to those in previ- 
ous reports.” The three-agent combination has the potential 
advantage of activating endogenous cytotoxic lymphocytes, 
which may abrogate the need for adoptively transferred cells. 

Survival experiments were performed to determine wheth- 
er the observed antitumor effect would translate into exten- 
sion of animal survival after tumor inoculation. Data present- 
ed in Fig 2 indicate prolongation of survival using all three 
agents for B16-induced metastases, with significant exten- 
sion of animal survival over other combinations (P<.05). This 
same survival benefit was noted in other survival experi- 
ments with K-1735M2-induced pulmonary metastases. 

The phenotype and cytolytic activity of activated spleno- 
cytes were carefully examined in non-tumor-bearing animals 
over the treatment period. With high-dose IL-2 alone, signifi- 
cant shifts in splenocyte populations were not detected, other 
than a transient decline in Lyt 2 (cytotoxic/suppressor T cells) 
and Lyt 1 (helper T cells and some B cells) surface markers. 
The pan-T cell marker Thy 1.2 remained as the predominant 
marker. 

In contrast, exposure to anti-CD3 alone resulted in signifi- 
cant increases of Lyt 2 expression during the first 3 days, with 
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Fig 4.— Time course of interleukin 2 (IL-2) and tumor necrosis factor a 
(TNF-a) receptor (IL-2r and TNFr) expression after treatment with 
high-dose IL-2 alone (arrow, day 0) or with anti-CD3 (day O only) 
followed by low-dose IL-2 and TNF-a (arrow, day 3). 


concomitant decreases in Lyt 1 and L3T4 (helper T) expres- 
sion. As with high-dose IL-2 alone, Thy 1.2 expression was 
maintained at high levels. The addition of low-dose IL-2 and 
TNF-a after 3 days did not appear to alter expression of these 
markers. 

Anti-CD8 alone did enhance both IL-2r and TNFr expres- 
sion within the first 24 hours of exposure (Fig 4). After this 
time, IL-2r expression paralleled that induced with high-dose 
IL-2 alone. In contrast, TNFr expression was maintained 
throughout the first 72 hours at a level significantly higher 
than that reached with high-dose IL-2 alone. This enhance- 
ment of IL-2r expression has been previously observed with 
higher doses of anti-CD3* but was associated with downregu- 
lation of the CD3 marker. We have observed upregulation of 
TNFr expression in OKT3-activated human peripheral blood 
mononuclear cells (S.C.Y., L. B. Owen-Schaub, PhD, 
J.A.R., E.A.G., unpublished data, 1988) that appears to 
correlate with that seen in vivo. 

The mechanism of in vivo synergy between anti-CD3, IL-2, 
and TNF-a is not known. However, the data collectively 
suggest several potential mechanisms. The observation that 
anti-CD3 alone can cause significant tumor reduction may 
have two implications: (1) Anti-CD3 alone may bind directly 
to the tumor cell surface, triggering direct lysis of the target 
cell. This, however, was not observed in previous in vitro 
experiments when anti-CD8 was added directly to “Cr-la- 
beled targets in the cytotoxicity assay. (2) Anti-CD3 may bind 
to the T-cell population, initiating a cascade of immunomodu- 
latory events for induction of LAK activity. This could be 
associated with the upregulation of cytokine receptors and 
the production of other cytokines, as shown by the enhance- 
ment of both IL-2r and TNFr expression observed in this 
study. Previous work in vitro has shown production of endog- 
enous TNF-a during the initial phase of anti-CD3 activation. 
Although activation of human and murine lymphocytes in 
vitro with anti-CD3 alone did not result in generation of 
cytolytic effectors (S.C.Y., L. B. Owen-Schaub, PhD, 
E.A.G., J.A.R., unpublished data, 1989), similar observa- 
tions were found with increases in the level of [L-2r and TNF r 
expression. Thus, the generation of LAK activity with anti- 
CD3 alone may require the presence of other endogenous 
growth and regulatory factors. 

Enhancement of T-cell-mediated cytolysis by CD3-direct- 
ed activation alone has been demonstrated in vitro using both 
solid-phase” and membrane-bound™ anti-CD3. These meth- 
ods necessitated higher concentrations of anti-CD3 (levels 


Combination Immunotherapy — Yang et al 





that cause immunosuppresion in vivo in the soluble form) and 
may be more relevant for the ex vivo generation of cytotoxic 
lymphocytes for adoptive transfer. Nevertheless, we have 
shown that the administration of the soluble form at a concen- 
tration several hundred times lower can positively enhance 
the immune system and promote antitumor activity. 

The further addition of IL-2 and TNF-a continues the 
induction and maintenance phases for LAK activity and ap- 
pears to be dependent on IL-2 concentration. The addition of 
IL-2 (50 000, 12 500, or 6000 U) following anti-CD3 stimula- 
tion did not significantly reduce pulmonary metastases or 
improve survival over anti-CD3 alone. Only when TNF-a was 
present in combination with IL-2 did significant antitumor 
responses occur. The mechanism of this is unclear but may 
ultimately involve further enhancement of cytokine receptor 
expression (L. B. Owen-Schaub, PhD, E.A.G., unpublished 
data, 1989) and production of other endogenous cytokines” 
seen in culture systems without anti-CD3. Another possibili- 
ty is that while conventional IL-2 therapy activates “LAK 
precursors” and high concentrations of IL-2 may downregu- 
late LAK induction in certain cases, anti-CD3 in combination 
with low doses of IL-2 and TNF-a may recruit other lytic cell 
types (both cytotoxic and helper T cells) while downregulat- 
ing other, nonlytic populations (helper T subgroups and B 
cells). Thus, the three agents in combination may prove to be 
more effective in treating a wider range of tumors that are 
less sensitive to IL-2 alone. 

Regardless of the exact mechanism of action, the synergis- 
tic effects of anti-CD3, IL-2, and TNF-a provide the mecha- 
nistic support for enhancing antitumor efficacy using combi- 
nations of biologic agents in a defined sequence. The ultimate 
goal is to initiate an organized cascade of immunologic re- 
sponses in vivo that will achieve maximum therapeutic effica- 
cy. The results of this combination may have important impli- 
cations on clinical immunotherapy by: (1) reducing the 
requirement for high doses of IL-2, (2) reducing the toxicity 
associated with IL-2, and (8) allowing selective activation of 
endogenous lymphocyte populations essential for lytic activi- 
ty against malignant neoplasms. 
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Indium 111 ZCE-025 Immunoscintigraphy in 


Occult Recurrent Colorectal Cancer With 


Elevated Carcinoembryonic Antigen Level 


Ralph J. Doerr, MD; Hani Abdel-Nabi, MD, PhD; Bruce Merchant, MD, PhD 


è We investigated the utility of scanning with indium 111 la- 
beled to monoclonal antibody in 13 patients after curative resec- 
tion of colorectal cancer who had elevated carcinoembryonic 
antigen levels and negative results of clinical workup. Each pa- 
tient received 1 mg of anti-carcinoembryonic antigen mono- 
clonal antibody type ZCE 025 labeled with 5.5 mCi of ‘In, plus 9 
to 39 mg of the same antibody unlabeled. Patients underwent 
scanning 3 to 7 days after infusion by planar and emission 
computed tomography. ZCE-025 monoclonal antibody imaging 
detected tumor recurrence or metastasis in 11 of 13 patients. In 
one patient the monoclonal antibody scan gave a true-negative 
result, and in one patient the monoclonal antibody scan failed to 
disclose a metachronous cecal primary. Tumor sites identified 
were the pelvis (2 patients), abdominal wall (2), retroperitoneum 
(1), lymph nodes (3), liver (2), bone (2), and lung (1). The accurate 
localization of colorectal carcinoma recurrences by means of 
"In ZCE-025 monoclonal antibody demonstrates the usefulness 
of this diagnostic agent in the setting of elevated carcinoem- 
bryonic antigen level and negative results of clinical and radio- 
logic workup. 

(Arch Surg. 1990;125:226-229) 


hat gastrointestinal tract carcinoembryonic antigen 

(CEA)-producing tumors can be localized by exter- 
nal scintigraphy after intravenous injection of radiolabeled 
monoclonal antibody directed against CEA has been estab- 
lished.'* The ultimate clinical efficacy of this technique rests 
on this detection of minimum tumor deposits when conven- 
tional examinations fail to identify the lesion. 

This circumstance often exists in early recurrent colorectal 
carcinoma after curative resection. The opportunity to inter- 
vene surgically before clinically evident relapse may translate 
into prolonged survival”’ or enhanced palliation. Prospective- 
ly, we examined the sensitivity of tumor localization of indium 
111-labeled anti-CEA monoclonal antibody (MoAb) ZCE-025 
in patients who had previously undergone curative resection 
for colorectal cancer but who presented with elevated CEA 
levels and negative results of conventional diagnostic evalua- 
tion. With this antibody, we were able to localize colorectal 
carcinoma recurrences accurately. 


PATIENTS AND METHODS 


Thirteen patients, 5 female and 8 male, aged 46 to 78 years, were 
studied. All patients had undergone curative resection of adenocarci- 
noma of the colon and rectum before the study. The anatomic site of 
the tumor, the Astler-Collier modified Dukes’ classification at the 
time of resection, and the interval after resection appear in Table 1. 
Inclusion in the study required that patients be asymptomatic, with 
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elevated serum CEA level (range, 3.6 to 36 ng/mL), and have nega- 
tive results of conventional workup, including physical examination, 
colonoscopy, abdominal computed tomographic (CT) sean, and chest 
roentgenogram. In all patients, serum levels of CEA were measured 
with CEA kits (Hoffmann-LaRoche Inc, Nutley, NJ) (normal values, 
<2.5 ng/mL in 97% of healthy nonsmokers) and liver, kidney, and 
bone marrow functions were chemically evaluated before antibody 
infusion and 8 to 7 days after infusion. 

Anti-CEA MoAb ZCE-025 labeled with “In (Hybritech Inc, San 
Diego, Calif) is derived from the same clone as MoAb 35.*” ZCE-025 is 
a murine antibody of the IgG subclass and was supplied (in vials) 
already bound to the chelating agent diethylenetriaminepenta-acetic 
acid by a modification of the bifunctional chelating technique.” 
"Incitrate (antibody grade) was added to the vial, and the reaction 
was allowed to proceed for 30 minutes at room temperature, followed 
by the addition of 4.0 mL of neutralizing buffer solution. Commonly, 
80% or more of the radioactivity was bound to the antibody, as judged 
by thin-layer chromatography. 

This study was conducted under a US investigational new drug 
permit held by Hybritech Inc. Institutional review board approval 
and informed consent were obtained in all patients. All patients 
received 1 mg of ZCE-025 MoAb labeled with approximately 5.5 mCi 
of "In. Varying amounts of unlabeled ZCE-025 (9 to 39 mg) were 
coinfused with the labeled MoAb in 100 mL of saline. 

Scintillation-camera planar images were obtained 72 to 96 hours 
after infusion with a large-field-of-view camera interfaced with a 
dedicated computer system. With a medium-energy collimator and 
the two photon peaks of “In (174 and 247 keV), approximately 
800000 counts per view were collected. Data were stored in a 
256 x 256 word-mode format. Single photon emission CT scans of the 
abdomen and pelvis with "’In-ZCE-025 were obtained in all patients 
also within 72 to 96 hours after infusion. 

Acquisition time ranged from 40 to 60 minutes. Coronal and sagittal 
data sets were generated by pixel reorganization. Results of MoAb 
scans were made available to the surgeon before surgery. Operation 
was performed 4 to 21 days after completion of MoAb imaging. 
Resected specimens were examined by conventional histopathologic 
techniques. 


RESULTS 


No adverse reactions were observed after intravenous in- 
jection of "'In-labeled MoAb ZCE-025 in the 13 patients 
studied. No clinically significant alteration in bone marrow, 
liver, and kidney function was detected in the immediate (1 to 
3 days) or remote (3 to 6 weeks) periods after ZCE-025 
injection. 

In the 13 patients with elevated CEA levels after curative 
resection of colo-rectal adenocarcinoma, MoAb scans were 
positive for recurrence or metastasis in 11 patients, detecting 
more than one lesion in 2 patients. Results of MoAb scanning 
and methods of confirmation of tumors are shown in Table 2. 
Second-look laparotomy 1 to 3 weeks after MoAb scanning 
confirmed the results of MoAb scanning in 6 patients (5 true- 
positive results and 1 true-negative result), for a sensitivity of 
88%. 

Tumor was identified at the following locations: pelvis (two 
patients), abdominal wall (two), retroperitoneum (one), 
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Table 1.—Patients With Colorectal Cancer 
After Curative Resection 


Time After 
Resection 


Dukes’ 
Patient/Age, y/Sex = Site Staging 
1/49/M Sigmoid C1 3y 
2/66/F Cecum B2 4y 
3/76/M Right colon B2 5y 
4/51/M 9 mo 


5/46/M Rectum 2 4mo 


1 
6/50/F Left colon C1 10 mo 


7/56/F Sigmoid 3 mo 


B2 
8/63/M Right colon C2 15 mo 
9/71/M Sigmoid C 27 mo 


1 
10/55/M Left colon C2 24 mo 


11/63/M Right colon 22y 


12/55/F Rectum B1 5 mo 


13/78/F Rectosigmoid P 15y 


Rectum C 
B 












Table 2.—Indium lll-Labeled MoAb ZCE-025 Imaging in 
Patients With Colorectal Cancer After Curative Resection* 






CEA at Time 







of MoAb Scan, MoAb Scan 
Patient ng/mL > Results Confirmation 
1 7.6 Portal LN CT scan 
2 4.0 Retroperitoneal CT-guided biopsy 






mass 
L4-5 Lesion CT scan/bone scan 


Pelvic recurrence, Intraoperative biopsy 
liver 
metastases 


Negative 








13.3 















Cecal adenocarcinoma, 
intraoperative 
resection 


CT scan 







6 3.6 Thoracic 


paraspinal LN 


Pelvic recurrence, Intraoperative biopsy 
liver 
metastases 


Parapancreatic 
LN 


Abdominal wall 
recurrence 












Intraoperative biopsy 









Intraoperative biopsy 














10 72 Abdominal wall Intraoperative resection 
recurrence 
11 35.9 Bone metastases Bone scan, biopsy 
12 10.6 Negative No tumor on 
| exploration 






13 22 Lung metastases Malignant pleural 
effusion 


*MoAb indicates monoclonal antibody; CEA, carcinoembryonic antigen; LN, 
lymph node; and CT, computed tomography. 


lymph nodes (three), liver (two), bone (two), and lung (one). 
Figure 1 demonstrates a MoAb-positive periportal lymph 
node in patient 1. Figure 2 shows interval CT scans of patient 
1. Figure 3 shows pelvic recurrence and liver metastasis by 
MoAb imaging in patient 4. 

Liver metastases were detected as focal areas of increased 
MoAb accumulation (hot spots) in two patients. Two patients 
with elevated CEA levels and negative results of clinical 
workup also had negative MoAb scans. At second-look explo- 
ration in one of these patients (patient 12), no evidence of 
locoregional recurrence or metastasis was identified despite 
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Fig 1.—Patient 1. Periportal lymphadenopathy positive for tumor (ar- 
row) by ZCE-025 monoclonal antibody scan. 


positive results of conventional studies (CT, ultrasound). The 
resected right lobe of the liver in this patient was negative for 
tumor. The MoAb scan was false-negative in one patient 
(patient 5); adenocarcinoma of the cecum was found at subse- 
quent exploration, probably representing a metachronous 
primary tumor. 

Of the 18 patients in this study, 6 had MoAb scans positive 
for recurrent tumor and did not undergo second-look laparot- 
omy. In 3 patients, tumors were confirmed by biopsy or 
needle aspiration cytologic examination. In the remaining 3 
patients, MoAb-directed conventional imaging procedures 
(bone scan, CT scan) were subsequently consistent with re- 
currence in portal and mediastinal lymph nodes and lumbar 
vertebrae. Concurrent and subsequent CT scans remained 
negative for liver metastasis during 1 year of follow-up. 


COMMENT 


The use of radiolabeled antibodies to detect cancer deposits 
is not new. More than 40 years ago, Pressman and Keighley" 
used iodine 131-labeled antiserum from rabbits immunized by 
rat kidney cells to demonstrate antibody activity in nephro- 
toxic rat kidneys. In 1957, Pressman et al” showed tumor 
localizing antibodies by paired labeling but were hampered by 
having to use polyclonal antisera and poorly defined tumor 
antigens. 

With the discovery by Gold and Freedman” of CEA, the 
possibility of making an antibody to this tumor marker opened 
a new avenue for radiolabeled localization. 

Concurrently, clearer understanding of patterns of recur- 
rence after curative resection of gastrointestinal tract malig- 
nant neoplasms was being acquired. In colorectal cancer. 
Cass et al“ reported that the degree of tumor anaplasia and 
the depth of bowel wall penetration influenced the local recur- 
rence rate. After resection of adenocarcinoma of the colon and 
rectum, 60% of their patients presented with local recurrence 
alone, 26% had distant metastases as the initial site of recur- 
rence, and 14% had concomitant local recurrence and distant 
metastasis. Olson et al” found a higher distant metastasis rate 
(46%) as the first evidence of recurrence after curative colo- 
rectal cancer resection, with more than half presenting as 
hepatic metastasis. Tumor size, stage, and site of the primary 
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Fig 2.—Patient 1. Left, Computed tomographic scan obtained in conjuction with monoclonal antibody 


scan. Portal lymph node measures 1.3 cm (arrow), interpreted as negative. Right, Repeated computed 
tomographic scan obtained 6 months later shows interval progression, with lymph node measuring 2 cm 


(arrow). 


tumor were predictive of relapse. Sugarbaker et al” reported 
data from a cohort of patients with colon and rectal cancer 
thought to be at high risk for recurrence, ie, Dukes’ class C 
cancers, perforated lesions, adjacent organ involvement, and 
age less than 30 years. He performed intensive follow-up 
studies. A CEA assay was performed monthly for 3 years, 
and abdominal CT scans were obtained every 4 months during 
that period. Half of this group of patients developed recur- 
rence, with 60% at more than one anatomic site. Eight-four 
percent had recurrences within the abdominal cavity, and 
85% had had relapses within 30 months, with a median time of 
17 months. A progressive rise in serial CEA level was the first 
and most sensitive indicator in 67% of the recurrences. Unfor- 
tunately, abdominal CT scans yielded little useful information 
as a screening device, although once tumor was suspected, 
the sensitivity was 85%, with a high false-positive rate (45%). 
Others" have observed that elevated levels of CEA after 
curative resection of colorectal carcinoma were strongly pre- 
dictive of subsequent tumor recurrence. Refinements of the 
interpretation of CEA increase include both slope of rise 
analysis and serial monthly increments (as an absolute per- 
centage). Staab et al” found that patients with CEA incre- 
ments with a flat ascending slope had local recurrences, 
whereas a steep ascending slope reflected liver metastasis. 
While there is ample confirmation of the value of serial 
postoperative CEA assays, controversy exists regarding 
therapeutic decisions based on an elevated CEA value. Given 
the magnitude of the problem of colorectal cancer in the 
United States, the question arises whether detecting a color- 
ectal recurrence earlier will impact significantly on survival. 
Second-look laparotomy on the basis of elevated postopera- 
tive CEA level was first proposed by Martin et al’ and Minton 
et al.” Of their asymptomatic patients with a serial rise in 
CEA level, 55% were found at second-look laparotomy to 
have a resectable recurrence; 40% had unresectable tumors. 
Of the 5% (seven patients) in whom no tumor was found at 
exploration, six patients subsequently had recurrences. The 
5-year disease-free survival was 25.8%. In 1985, a nonrando- 
mized multicenter study corroborated this experience by re- 
porting 5-year survival of 30%” for second-look laparotomy 
directed by elevated CEA levels. Taking this concept further, 
Sardi et al” advocated multiple reoperations for recurrent 
colorectal carcinoma and demonstrated significant median 
survival improvement after second, third, fourth, and even 
fifth recurrences. Again, elevated CEA levels initiated the 
algorithm that eventuated in repeat surgery. Although oth- 
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Fig 3.—Patient 4. ZCE-025 monoclonal antibody scan demonstrating 
liver metastasis (arrow). 


ers’” have shown less survival benefit after second-look lapa- 
rotomy for matched-stage recurrences, it remains clear that 
serial CEA measurement is the earliest indicator of tumor 
recurrence. 

In this preliminary clinical trial, we combined elevated 
CEA levels with anti-CEA monoclonal antibody scintigra- 
phy. The setting was asymptomatic patients with colorectal 
carcinoma undergoing curative resection who postoperative- 
ly demonstrated elevated CEA levels but negative results of 
physical examination and radiologic and colonoscopic 
findings. 

In postoperative patients with colorectal cancer, we were 
able to detect multiple sites of tumor recurrence with planar 
and single photon emission CT MoAb imaging in 88% of 
surgically confirmed lesions. In three patients, positive 
MoAb scans initiated or directed more thorough conventional 
workup, resulting in tumor confirmation within 6 months of 
the original MoAb scan. In the two patients with negative 
MoAb scans, there was no evidence of recurrence or metasta- 
sis in one patient at exploration, and the other patient had a 
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false-negative result, with a metachronous primary tumor 
subsequently found in the cecum. 

The formation of human antimouse antibody response was 
not addressed in this study. ZCE-025 induces antimouse re- 
sponse in approximately 40% of patients after a single infu- 
sion.” Recently, we reported that repeated infusion of ''In- 
ZCE-025 did not lead to an increased risk of adverse reactions 
or interfere with successful tumor detection, even in the 
presence of elevated human antimouse antibody titers.” Mor- 
ton et al” found an artifactual elevation of CEA level due to 
human antimouse antibodies. Methods to solve the problem of 
human antimouse antibody interference with serum CEA 
measurement have been devised.” 

As has been previously observed,’ liver lesions can appear 
on MoAb scans as filling defects, as positive accumulations, or 
as a combination of both. Efficacy for the detection of hepatic 
metastasis may be lessened by the intrinsic activity of "In in 
the liver.” However, liver lesions appearing as “hot spots” 
have been reported to occur in 25% to 40% of patients after the 
administration of varying amounts of cold unlabeled anti- 
body.*” Recently, we reported the ability to detect liver 
metastasis as hot lesions after repeated infusions of this mon- 
oclonal antibody.” The degree of differentiation of the tumor 
(whether mucin is produced or necrosis is present) also im- 
pacts on imaging accuracy. Abdel-Nabi et al,’ in reporting on 
‘In-ZCE-025 MoAb scanning for colorectal primary tumors, 
noted that metastatic involvement of pericolic lymph nodes 
was often missed due to the small size of lymph nodes and 
their proximity to the intensely imaged primary tumor. In our 
study we found that retroperitoneal and mesenteric meta- 
static adenopathy readily yielded positive scans. Particular 


benefit was seen in the ability to detect tumor as a local 
recurrence. Conventional imaging techniques (abdominal CT 
and magnetic resonance imaging) have been disappointing in 
their detection rates, particularly in the pelvis, where artifact 
with postoperative distortion and scarring can mimic 
recurrence. 

In this study we did not address the question of a therapeu- 
tic benefit from discovering colorectal cancer relapse by 
MoAb imaging before results with conventional diagnostic 
modalities become positive. Previous data on the sites of 
recurrence of colorectal cancer and the median time to devel- 
opment of recurrent disease in high-risk patients may require 
scrutiny in the face of a more sensitive tumor imaging test, 
such as MoAb scintigraphy. In accord with other studies,” 
we believe that the earlier recurrent colorectal cancer is 
detected in the asymptomatic patient, the greater the num- 
ber of patients who will be disease free after reoperative 
surgery. 

The accurate localization of colorectal carcinoma recur- 
rences with ™In-labeled ZCE-025 MoAb demonstrates the 
usefulness of this diagnostic agent in the face of an elevated 
CEA level and negative clinical and radiologic workup. Mono- 
clonal antibody scintigraphy further offers the advantage of a 
whole-body image with a single examination. When the safety 
and efficacy of multiple dosings of radiolabeled monoclonal 
antibodies become firmly established, MoAb imaging will 
assume a place in the algorithm of the follow-up of the high- 
risk postoperative patient with colorectal cancer. The lead 
time to diagnosis may be shortened in this surveillance and 
could result in improved disease-free survival or earlier 
palliation. 
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Preoperative Staging and Assessment 


of Resectabiity of Pancreatic Cancer 


Andrew L. Warshaw, MD; Zhuo-yun Gu, MD; Jack Wittenberg, MD; Arthur C. Waltman, MD 


e To study the accuracy of preoperative staging techniques 
for assessing resectability of pancreatic and ampullary adeno- 
carcinoma, we entered 88 consecutive candidates into a pro- 
spective study of contrast-enhanced computed tomography, 
magnetic resonance imaging, angiography, and laparoscopy. 
Resectability was proved in 16 (29%) of 55 patients for the head of 
the pancreas, 1 (6%) of 17 for the body and tail of the pancreas, 
and 14 (88%) of 16 for the ampulla. The combined findings of 
computed tomography and angiography showed that more than 
87% of pancreatic head tumors were unresectable because of 
vascular encasement, but neither modality sufficed alone. Small 
liver and peritoneal metastases were found in 15 (27%) of 55 
cancers of the head of the pancreas, 11 (65%) of 17 cancers of the 
body and tail of the pancreas, and 1 (6%) of 16 cancers of the 
ampulla; computed tomography missed all but 2 of these in- 
stances of metastasis, but laparoscopy with biopsy identified 22 
(96%) of 23 instances. Magnetic resonance imaging findings did 
not differ significantly from computed tomography and con- 
ferred no added benefit. Ninety percent of unresectable tumors 
were identified. Seventy-eight percent of pancreatic head can- 
cers were resectable when all test results were negative vs 5% 
(2/37) when any test result was positive. This study demonstrates 
that accurate and efficient triage is possible for patients with 
cancer of the pancreas and ampulla. 

(Arch Surg. 1990;125:230-233) 


he traditional approach to the patient with pancreatic and 

periampullary cancers in the absence of obvious metasta- 
ses has been surgical exploration. It has been left to the 
surgeon to determine whether the cancer is resectable or 
should be treated by palliative bypass of the biliary tree 
and/or the duodenum. Under these conditions, even with 
preliminary screening to exclude obviously advanced can- 
cers, locally extensive, unresectable tumors and metastases 
are frequently found at operation. Approximately 10% to 20% 
of cancers of the pancreatic head’ and only very rare cancers 
of the body and tail** can be resected for potential cure. When 
there was nothing better to offer, that dismal picture had to 
be accepted. 

Several factors now militate for a change of practice.’ A 
tissue diagnosis can be easily obtained in most cases by percu- 
taneous needle aspiration.*™™ Stents can be placed in the bile 
duct to achieve palliative internal drainage in the majority of 
patients with unresectable malignant biliary obstruction, ”” 
and evidence is mounting that larger stents will usually stay 
patent and functional for the life of the patient at lower cost, 
morbidity, and duration of hospitalization than surgical by- 
pass.” Patients with cancers not causing biliary obstruction 
probably benefit from no operation unless there is duodenal 
obstruction. Specialized surgical care—whether low-risk 
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pancreatoduodenectomy,””” resection with perioperative ir- 


radiation,” or intraoperative radiation therapy,” —may not 
be available in the community or at the institution of primary 
treatment; however, the first operation may irrevocably cast 
the die by violating the cancer” or otherwise creating adverse 
circumstances for later efforts. 

To make an informed decision regarding treatment options, 
we must have the ability to evaluate accurately the stage of 
the cancer prior to laparotomy. Previous attempts to stage 
pancreatic cancer have been based on single modalities, prin- 
cipally computed tomographic (CT) scanning” and visceral 
angiography. == While each modality has its proponents, 
none has sufficed as a sole means of evaluation. For example, 
more than 40% of patients with pancreatic cancer whose CT 
scan showed no metastases were found to have metastases by 
laparoscopy.” Portal venous invasion has not been systemati- 
cally studied. Angiography, which may be the most sensitive 
test for portal vein involvement, is insensitive for detecting 
metastases.” 

In the present study we have prospectively evaluated the 
use of CT, angiography, laparoscopy, and magnetic reso- 
nance imaging (MRI) for preoperative estimation of resect- 
ability of cancers of the pancreas and ampulla. 


PATIENTS AND METHODS 


The study group comprised 88 consecutive patients referred to a 
single surgeon from July 1985 to March 1989 for treatment of poten- 
tially curable pancreatic and periampullary adenocarcinoma. Pa- 
tients with obvious metastatic disease by chest roentgenography, 
CT, or clinical evidence were excluded, as were patients with islet- 
cell tumors, sarcomas, cystadenocarcinomas, and, as far as possible, 
bile duct cancer. 

Whenever possible, an algorithm was used in which the order of 
tests was as follows: (1) CT, (2) MRI, (8) laparoscopy, and (4) angiog- 
raphy. If a biopsy-confirmed metastasis was found, the sequence of 
tests was ended, and treatment was diverted appropriately.” 

Computed tomography was dynamically performed with intrave- 
nous injection of 140 mL of 60% iodinated contrast to increase the 
discrimination of vascular involvement.” Criteria for unresectability 
included definite liver metastases, adenopathy proved by percutane- 
ous needle biopsy,” obstruction or invasion of the portal or mesenter- 
ic veins, and/or tumor encasement of the celiac or superior mesenteric 
arteries. Magnetic resonance imaging was performed with a 0.6-T 
superconductive magnet employing both T,- and T,-weighted pulse 
sequences. Criteria for unresectability were similar to those for CT. 
Celiac and superior mesenteric angiography was performed with 
particular attention to the venous phase. Criteria for unresectability 
included encasement or occlusion of (1) the celiac artery and its major 
branches; (2) the superior mesenteric artery and its major branches; 
and (3) particularly, the splenic, superior mesenteric, and portal 
veins. Laparoscopy was carried out with the patient under general 
anesthesia as previously described”; only biopsy-proved metastasis 
was accepted as a definite laparoscopic criterion of unresectability. 
All patients underwent exploration for evaluation of resectability 
unless metastases were proved by biopsy. 

At the termination of the study, all CT scans, MRI scans, and 
angiograms were reexamined by the appropriate radiologist and 
graded blindly without access to clinical information. The findings 
were collated with biopsy results and the outcome of surgical explora- 
tion. Statistical analyses were made with Fisher’s Exact Test using 
contingency tables. 
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Table 1.—Resectability of Cancers According to Location 


Total No. Resectable Cases, 
Location | of Cases No. (%) 


Pancreatic head 55 16 (29) 
Pancreatic body and tail 17 1 (6) 
Ampulla | 16 14 (88) 


Table 2.—Reasons for Unre 


Cases With Cases With Metastases 
Total No. 









sectability* 
Vascular eomm 
Location of Cases Encasement Liver Peritoneal Either 


Pancreatic head 55 35 14 4 15 


Pancreatic body 
and tail j i 14 8 4 11 
Ampulla 16 1 1 0 1 


*Values represent the number of proved instances. 


Table 3.—Accuracy of CT Alone for Assessing Resectability 
of Ductal Adenocarcinoma of the Pancreatic Head* 


Surgical Assessment, No. of Cases 
I 


















Resectable 17 
Unresectable 2 22 


*CT indicates computed tomography. P = .003. 





RESULTS 


There were 88 patients admitted for study: 55 with ductal 
adenocarcinoma of the head of the pancreas, 17 with ductal 
carcinoma of the body and tail, and 16 with carcinoma of the 
ampulla. All were examined by CT, 20 by MRI, 85 by visceral 
angiography, and 47 by laparoscopy. Overall resectability 
rates are shown in Table 1. Note that almost all body and tail 
cancers were unresectable, while most ampullary cancers 
could be resected. Cancer of the pancreatic head was interme- 
diate and therefore the hardest to evaluate. 

The three principal reasons for cancer unresectability were 
local extension to major vascular structures, liver metasta- 
ses, and other peritoneal metastases. The number of such 
occurrences identified is shown in Table 2. These occurrences 
represent a probable understatement, inasmuch as investiga- 
tion would not have been completed when test results, such as 
laparoscopic liver biopsy findings, were definitive. 

Because patients as a rule were referred for the study only 
ifa CT scan of the liver was negative for metastases, repeated 
CT, even with contrast enhancement, detected metastases in 
only 3 patients (2 correct results and 1 false-positive result). 
However, CT missed liver metastases, commonly 1 to 3 mm in 
diameter, in 23 patients (13 of 55 in the pancreatic head, 7 of 8 
in the pancreatic body, and 1 of 1 in the ampulla). Computed 
tomography detected vascular encasement in 21 of 37 cases in 
the head of the pancreas and 9 of 16 cases in the body and tail of 
the pancreas. It predicted encasement falsely in 1 of 16 ampul- 
lary cancers. Table 3 shows the accuracy of CT alone in 
predicting resectability of cancer of the pancreatic head. 
Computed tomography was 92% accurate (22 of 24 cases) 
when it predicted unresectability but it was only 56% sensi- 
tive (22 of 39 cases). Conversely, it was only 45% correct in 
predicting resectability (14 of 31 cases). 
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Venous phase of a superior mesenteric arteriogram in a patient with 
unresectable cancer of the pancreatic head. There is a shelflike 
concentric narrowing of the vein by the encasing neoplasm. Note the 
biliary endoprosthesis passing through the area of the neoplasm. 





Table 4.— Accuracy of Angiography Alone for Assessing 
Resectability of Ductal Adenocarcinoma 
of the Pancreatic Head* 








Surgical Assessment, No. of Cases 







Angiographic 

Assessment Resectable Unresectable 
Resectable 15 13 
Unresectable 1 25 








*P<.0001. 


Magnetic resonance imaging findings were similar to those 
of CT and conferred no advantages either for liver metastases 
or vascular encasement. There were 2 of 20 false-positive 
results. 

Angiography showed portal-mesenteric venous encase- 
ment (Figure) or obstruction in 25 cases and celiac-mesenteric 
arterial encasement in 9 of 37 cases of cancer of the head of the 
pancreas with proved major vascular compromise. There was 
no instance of arterial encasement without venous encase- 
ment. There was 1 false-positive interpretation. Table 4 
shows the accuracy of angiography alone in predicting resect- 
ability of cancer of the pancreatic head. Angiography was 
correct in 25 (95%) of 26 cases when it predicted unresectabi- 
lity but its sensitivity was only 66% (25 of 38 cases). Converse- 
ly, its accuracy for predicting resectability was 54% (15 of 28 
cases). There was 1 false-positive angiogram. In the body and 
tail of the pancreas, angiography showed unresectability in 14 
of 15 unresectable cases, and it was consistent with resectabil- 
ity in the 1 resectable case. 
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Table 5.—Accuracy of Laparoscopy Alone for Assessing 
Resectability of Ductal Adenocarcinoma 
of the Pancreatic Head* 


Surgical Assessment, No. of Cases 
ee 


Resectable Unresectable 


No metastases 8 11 
Metastases 0 13 


*P = .007. 


Laparoscopic 
Assessment 


Table 6.— Correct Determination of Unresectability of Cancer 
of the Head of the Pancreas by CT, Angiography, or Both* 


Correct determinations 
CT only 
Angiography only 
Both 


Neither 
False-positive determinations 
CT 





Angiography 
*CT indicates computed tomography. 


Table 7.—Combined Performance of CT, Angiography, and 
Laparoscopy in Predicting Resectability of Cancers of the 
Pancreas and Ampulla* 


Location 


Ampulla 
All test results negative 


Any test result positive 


Pancreatic body and tail 
All test results negative 


Any test result positive 


Pancreatic head 
All test results negative 


Any test result positive 


*CT indicates computed tomography. P<.0001. 


Laparoscopy was used only for detecting metastases and 
could be employed only when adhesions from previous sur- 
gery did not preclude adequate examination. Laparoscopy 
found liver and peritoneal metastases when present in 1 of 1 
ampullary cancers, 9 of 10 pancreatic body and tail cancers, 
and 12 of 12 cancers of the head of the pancreas. It was correct 
in showing no such metastases in 24 of 24 pancreatic cancers. 
In this study laparoscopy detected liver and peritoneal metas- 
tases in 22 (96%) of 23 cases, and its overall accuracy was 98% 
(46 of 47 cases). Its accuracy as an independent predictor of 
resectability for pancreatic head cancer is shown in Table 5. 

Stepwise discriminant analysis showed that CT, angiogra- 
phy, and laparoscopy each made independent significant con- 
tributions to staging (P<.003). Table 6 shows a comparison of 
the performance of CT alone vs angiography alone. It is clear 
that while the two tests frequently concur, they are also 
complementary. When both tests were used, 33 (80%) of 41 
cases proved to be unresectable if the results of either or both 
tests were positive. Laparoscopy, of course, looked at a com- 
pletely different aspect of resectability (metastases). 
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Table 7 indicates the combined performance of CT, angiog- 
raphy, and laparoscopy in predicting resectability of the three 
types of cancer. Fifty-one (89%) of 57 unresectable tumors 
and 28 (90%) of 31 resectable tumors were correctly identi- 
fied. Most ampullary cancers were resectable, and the tests 
concurred. Most body and tail cancers were unresectable, as 
was shown. Seventy-eight percent of cancers of the head were 
resectable if all the test results were negative (true negative), 
whereas 2 (5%) of 37 cancers were resectable if any test result 
was positive (false positive). 


COMMENT 


There has been relatively little attention to staging as 
distinct from diagnosis of pancreatic head and periampullary 
cancers. Much of what has been done was confined to evalua- 
tion of a single technique or did not make use of state-of-the- 
art methods of delivering intravenous contrast enhancement 
for CT. Studies of angiography often focused on arteriogra- 
phy rather than venography. Only two previous reports ad- 
dressed the issue of the impressive frequency of small but 
visible metastases, which are a biological characteristic of 
pancreatic cancer at the time of presentation.” 

This study has looked at individual tests used for staging, 
both individually and in concert, in a consecutive group of 
patients screened initially by CT and chest roentgenography 
to exclude obvious metastases. The conclusions to be drawn 
are thus valid and applicable to patients being considered for 
the full range of treatment possibilities. 

Our findings clearly indicate that accurate preoperative 
staging of pancreatic and ampullary cancers is possible. Am- 
pullary cancers and cancers of the pancreatic body and tail are 
relatively straightforward in that the former are usually re- 
sectable and the latter rarely are; the testing mainly serves to 
confirm these dicta or to find the exceptions. The problems of 
resolving uncertainty lie mainly with cancers of the pancreat- 
ic head. 

With the exception of MRI, which in our experience did not 
improve on the CT findings, each of the modalities made 
unique contributions. Confirming earlier studies,“ CT was 
generally useful in detecting mass lesions greater than 2 cm 
but missed the small liver and peritoneal metastases that 
were already present in 15 (27%) of 55 cancers of the head of 
the pancreas, 11 (65%) of 17 cancers in the body and tail of the 
pancreas, and 1 (6%) of 16 ampullary cancers. These figures 
are similar to our findings in 40 previously described patients” 
and those of Cuschieri et al” and confirm the proclivity of 
pancreatic cancers to generate metastases by the time cancer 
is discovered. Laparoscopy served a unique function in de- 
tecting these small metastases with remarkable sensitivity 
(22 [96%] of 23 cases in this series). 

For most surgeons with extensive experience in pancreatic 
resection, invasion of the portal-mesenteric vein by cancer is a 
contraindication to pancreatoduodenectomy. Many would be 
willing to excise small segments of the vein wall, but only 
Fortner™ has championed major segmental resection and re- 
construction of the portal vein. For most surgeons, therefore, 
knowledge of the integrity of the portal-mesenteric vein is 
crucial, especially since our study shows that, when the can- 
cer is in the pancreatic head, the vein is always involved 
before the mesenteric or celiac arteries. Contrary to the 
contention of Freeny et al,” CT is no better than angiography 
for evaluating the vascular structures, nor is it significantly 
worse. In fact, neither modality alone”” is nearly as good as 
the combination; their contributions are complementary. 

The performance of the multimodal combined approach to 
staging is impressive among patients referred for curative 
resection of cancers of the pancreatic head. Eighty-nine per- 
cent of unresectable cases can be identified preoperatively 
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with a 5% false-positive rate. Of patients predicted to have 
resectable cancers because of staging tests with negative 
results, 78% of cancers of the head and 100% of ampullary 
cancers were truly resectable for cure. This represents a 
performance at least four times better than is achieved by 
current usual practice.’ It isimportant in understanding these 
findings to recognize that a positive staging test result (vascu- 
lar encasement or occlusion, biopsy-proved metastasis) is 
reliable but that a negative staging test result is of much less 
value. A negative test result not only may be reflecting its 
own insensitivity but also is specific to only some of the 
criteria of unresectability and irrelevant to others (for exam- 
ple, a laparoscopy that yields normal findings does not bear on 
local unresectability, while a normal angiogram has no rele- 
vance to distant metastases). It is the combined absence of 
any positive test results that is the prime index of resectabili- 
ty, not the number of negative test results. 

As emphasized earlier, making the effort and incurring the 
costs of staging are worthwhile only if the results will make a 
difference in planning therapy. Justifications for staging in- 
clude the following: (1) if proof of unresectability means that 
the patient can be spared an operation (now that the new 10F 
to 12F biliary endoprostheses and endoscopic stents seem to 
effective for relieving biliary obstruction for 6 months and 
longer), *”’ (2) if demonstration of the probable resectability 


would lead to consideration of preoperative radiation therapy 
to reduce intraoperative dissemination of the cancer,”” and 
(3) if the likelihood of resectability will determine whether the 
patient is operated on locally or should be transferred to an 
institution where greater expertise is available to make the 
first operation the right one. Pancreatoduodenectomy in com- 
munity hospitals still carries a mortality rate of 20% to 
25%," more than five times greater than the rate currently 
being reported from specialized units.*’”* The act of prelimi- 
nary exploration and biopsy may disseminate the tumor,” and 
surgical bypasses complicate subsequent operations. Recov- 
ery from the first operation delays the second one. We sug- 
gest that it is no longer necessary in most cases, nor a desir- 
able practice, to discover that a cancer is resectable only at 
the time of exploration, if resection should be but is not truly 
an option at that time. 

Finally, it should be emphasized that this approach to 
cancer of the pancreas does not increase the overall rates of 
resectability or cure. Our 78% resectability rate does not 
indicate any increase in the number of patients who would 
have undergone resection without the staging procedures, 
but, rather, our approach allows the elimination of some 
operations and tailors others to individual circumstances. The 
product is, at least, increased efficiency and effectiveness. 
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Carcinoma of the Gallbladder 


Does Radical Resection Improve Outcome? 
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è Therecords of 111 patients with gallbladder carcinoma oper- 
atively treated between 1972 and 1984 were retrospectively re- 
viewed. Fifty-seven percent of patients had distant metastases; 
another 16% had nodal metastases without distant disease. Me- 
dian survival was 0.5 years, and 5-year survival was 13%. Clinical 
jaundice, tumor stage, and tumor grade were all predictive of 
patient outcome. DNA ploidy, measured in 70 patients, was not a 
prognostic indicator. In 36% of patients, cholecystectomy (20%) 
or radical cholecystectomy (16%), which included adjacent liver 
and regional lymph node resection, was potentially curative. 
Median survival for patients undergoing radical procedures was 
3.6 years, and survival was 0.8 years for patients following chole- 
cystectomy. The 5-year survival rates were comparable (33% vs 
32%). While radical cholecystectomy may benefit individual pa- 
tients and can be accomplished with low morbidity, there was no 
overall survival advantage compared with cholecystectomy. 

(Arch Surg. 1990;125:237-241) 


arcinoma of the gallbladder remains a terminal illness in 

most patients despite improved diagnostic capabilities, 
better perioperative care, and a more aggressive surgical 
approach based on improved knowledge of this tumor’s natu- 
ral history.’ Overall 5-year survival rates remain below 5%.” 
This failure to significantly improve patient outcome is large- 
ly due to late recognition of gallbladder cancer. Even in 
centers where radical surgical treatment has been advocated 
for this disease, 60% to 90%*" of tumors are widespread at 
diagnosis. 

Although the best chance for cure of gallbladder cancer 
remains the serendipitous discovery of an early cancer at the 
time of cholecystectomy,”*"””” several surgeons’”**"** have 
advocated the resection of adjacent structures involved early 
in the course of this disease. These efforts have shown prom- 
ise in improving survival,”*"*""* but most series are limited. 
We think’ aggressive extirpation of the liver parenchyma 
and lymph nodes draining the gallbladder fossa is critical in 


- curing gallbladder carcinoma in patients with early invasion. 


We have reviewed our recent experience with gallbladder 
cancer to evaluate the effect of surgical resection on patient 
outcome. We have also studied the potential of flow cyto- 
metry to predict patient prognosis. 


PATIENTS AND METHODS 


All records of patients with carcinoma of the gallbladder diagnosed 
at our institution between 1972 and 1984 were retrospectively re- 
viewed. Patient demographics, symptoms and signs, laboratory 
data, pathologic findings, operative management, and hospital mor- 
bidity and mortality were recorded for all patients. One hundred 
eleven patients underwent operative treatment and form our study 
population. 

Radical resection was defined as cholecystectomy with subsegmen- 
tal liver resection of the gallbladder fossa and regional lymphadenec- 
tomy. Pathology reports were reviewed to confirm the diagnosis and 


stage of the tumor. The cancers were classified by stage using the 
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criteria of the American Joint Commission on Cancer (AJCC)” and a 
modification of the criteria of Nevin et al” (Table 1). In contrast to the 
original Nevin stage, we classified tumors with contiguous liver 
invasion as stage 3, whereas cancers with noncontiguous liver in- 
volvement were classified as stage 5. 

When adequate tissue was available, flow cytometric analysis was 
performed. Control gallbladder tissue blocks were obtained from 
patients who underwent cholecystectomy either for chronic cholecys- 
titis or in the course of liver resection. The sections were histological- 
ly confirmed to contain only nonneoplastic tissue. 

Nuclear suspensions were prepared from the paraffin-embedded 
tissue blocks according to a technique described by Ryan et al” as 
modified from a technique of Hedley et al. ™*” The isolated nuclei were 
then stained with propidium iodide according to the method of Rain- 
water et al,” a modification of the method originally deseribed by 
Vindelov et al.” 

Nuclear DNA content was measured on an FACS IV flow cyto- 
meter as described by Ryan et al.” The nuclear DNA ploidy patterns 
determined by flow cytometry were divided into three groups: 
(1) normal (diploid), (2) tetraploid/polyploid, and (3) aneuploid. The 
tumor DNA content was classified as “aneuploid” if a third separate 
peak was present, different from the “standard” large G0/G1 (2C) 
peak and the smaller G2 (4C) peak. For aneuploid tumors, a DNA 
index was calculated as the ratio of the peak channel of the abnormal 
DNA stemline of cells to the peak channel of the DNA normal cells. 
When the Fullbright Fluorosphere singlet peak was set at channel 35, 
the Fullbright Fluorosphere doublet peak appeared at channel 76; 
thus, the ratio of doublet-to-singlet peaks was 2.17 on the FACS IV 
instrument. The mean + SD coefficient of variation of the GO/G1 peak 
was 8.63 + 1.85. A DNA tetraploid/polyploid histogram pattern was 
characterized by a 4C peak that was substantially increased over that 
for the DNA normal (diploid) pattern.” Therefore, the boundary 
between a normal and abnormal percentage of nuclei in the 4C peak 
was set “arbitrarily” at 5.35, greater than 3 SDs above the mean 
percentage 4C result obtained from nontumor samples. 

Follow-up was based on data in the patient history. Patients still 
alive at the time of their last entry were contacted by telephone or 
mail. All survivors were followed up for a minimum of 5 years. 

The assessment of discrete variable effects on survival was per- 
formed using the log-rank test” and the Cox proportional hazard 
model.” Survival was estimated using the Kaplan-Meier product 
limit method.” 


RESULTS 
Patient Population 


Women outnumbered men by a ratio of 2.5:1 (79 to 32). The 
median age was 71 years (range, 36 to 89 years). Only 8% of 
patients had a known family history of cancer. 


Presentation 


Pain, usually in the right upper quadrant, was the most 
common symptom (77%), followed by jaundice (47%), anorex- 
ia (46%), nausea and vomiting (45%), weight loss (28%), fa- 
tigue (27%), and pruritus (14%). Fifteen percent of patients 
noted an abdominal mass prior to diagnosis. 

Most patients had no abnormal findings on physical exami- 
nation. Icterus or jaundice was present in 43%. A palpable 
mass was noted in 23% of patients, and 18% had hepatomega- 
ly. Splenomegaly and ascites were each apparent in a single 
instance. For the 44 patients for whom accurate data were 
available, there was a mean weight loss of 8.4 kg. 
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Preoperative Evaluation 


Serum liver function tests were the blood tests that most 
commonly yield abnormal findings in this population. Serum 
alkaline phosphatase, direct bilirubin, and serum aspartate 
aminotransferase levels were all elevated in 50% or more of 
patients. The total bilirubin level was elevated in 17% of the 
patients who underwent radical cholecystectomy (median, 
10 pmol/L), 41% of patients who had curative cholecystecto- 
my (median, 36 mol/L), and 56% of patients who had noncur- 
ative surgical procedures (median, 114 pmol/L). The typical 
patient was mildly hypoalbuminemic (median, 33 g/L), but 
only 10% of patients had a hemoglobin level lower than 
110 g/L (median, 129 g/L). 

Abdominal sonogram, which was obtained for 51 patients, 
was the most frequently performed diagnostic test. The ultra- 
sound was interpreted as normal in 1 patient (false-negative 
rate, 2%), abnormal (indications included cholelithiasis, a 
thickened gallbladder wall, a mass in the gallbladder, or a 
combination of findings) in 50 patients (98%), and diagnostic 
for gallbladder cancer in 11 patients (22%). Thirty-four pa- 
tients had oral cholecystograms, all of which were abnormal, 
but none helped in making the specific diagnosis. Abdominal 
computed tomography was diagnostic in 6 (50%) of 12 pa- 
tients. Eleven patients had percutaneous transhepatic chol- 
angiography; nine cholangiograms (82%) were abnormal, and 
five (45%) were diagnostic for gallbladder carcinoma. Of the 
eight endoscopic retrograde cholangiopancreaticograms ob- 
tained, six (75%) were abnormal and two (25%) were diagnos- 
tic. Only three hepatic arteriograms were performed preop- 
eratively. Two were abnormal, one of which was considered 
diagnostic for gallbladder cancer. 


Operative Treatment 


The types of surgical procedures performed are listed in 
Table 2. Twenty percent of patients had only a laparotomy 
and tumor biopsy performed. Of the 52 cholecystectomies, 22 
were potentially curative procedures, and these included a 
regional nodal sampling or dissection in 10 patients. Twenty 
patients had radical resections including removal of adjacent 
liver and regional lymph nodes, and in some instances these 
patients required resection of structures invaded by the can- 
cer, such as the common bile duct and duodenum. In two 
instances an extended curative procedure was performed at a 
second operation following cholecystectomy with the inciden- 
tal finding of carcinoma of the gallbladder. In another 2 pa- 
tients radical cholecystectomy was considered palliative be- 
cause of microscopic tumor involvement at a resection 
margin. Biliary intubation and biliary-enteric or other bypass 
procedures were performed for palliation at the time of diag- 
nostic biopsy in 15% of the patients. An additional 28% of the 
patients had secondary procedures at the time of the primary 
operation either for relief of symptoms or as part of a curative 
operation. 

The operative mortality rate was 5% (6 patients). Two of 
these patients had undergone diagnostic biopsy only, 3 had 
undergone palliative procedures, and 1 had undergone a po- 
tentially curative cholecystectomy. Thirteen percent of pa- 
tients experienced serious postoperative complications, re- 
quiring reoperation in 2 instances (1 hemorrhage and 1 
abscess). Only one patient developed a significant complica- 
tion following radical resection (pulmonary edema from fluid 
overload). The remaining problems (5 instances of hemor- 
rhage, 3 cases of renal insufficiency, 3 episodes of cholangitis, 
3 infections, 1 patient with peritonitis, and 1 anastomotic leak) 
followed palliative operations in 11 patients and potentially 
curative cholecystectomy in 2 patients (1 case of renal insuffi- 
ciency and 1 infection). 
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Table 1.—Cancer Stages 


Stage Description 


American Joint Commmssion on Cancer Stages’: 

0 In situ carcinoma 

| Mucosal or muscular invasion 

Il Transmural invasion 

ll Involvement beyond semsa, adjacent organ (liver=2 cm), or 

lymph node metastasis 

IV Involvement of two or more adjacent organs, >2 cm 
invasion of liver, or distant metastasis 


Modified Nevin Stages** 
In situ carcinoma 
Mucosal or muscular invasion 
Transmural invasion, direct liver invasion 
Lymph node metastasis 
Distant metastasis 


Table 2.— Operative Procedures 
Procedure 














No. (%) 
of Patients 


22 (20) 









Biopsy only 










Cholecystectomy 52 (47) 
Curative 22 (20) 
Noncurative 30 (27) 

Radical resection 20 (18) 
Primary curative 16 (14) 
Delayed curative 2 (2) 
Primary palliative 2 (2) 






Miscellaneous (includes biliary intubation 
and bypass) 






17 (15) 





Additional Treatment 


Twelve patients (11%) underwent postoperative radiation 
therapy, eight for advanced disease and four as adjuvant 
therapy. Chemotherapy was administered to 30% of patients; 
in all but six patients receiving adjuvant treatment, this 
therapy was for nonresectable cancer. 


Pathologic Findings 


For the 60 patients whose tumor size was recorded, the 
mean (+ SD) largest diameter was 4.3 + 3.1 em. Direct exten- 
sion into the liver was noted in 36 patients (63%), adjacent 
organs were involved in 33 cases (55%), and 21 patients (85%) 
had histologically proved nodal metastases. The lymph node 
status was not determined in 25 patients (42%), and nodes 
were histologically uninvolved in 14 patients (23%). The sites 
of lymph node metastases were pericholedochal (30 of 39 
patients), cystic duct (10 of 39 patients), and nodes draining to 
the celiac axis (9 of 39 patients). Peritoneal metastases were 
present in 24% of patients, and distant metastases were 
present in 31%. Sites of distant metastases at the time of 
diagnosis included the liver (24 patients [22%]), central ner- 
vous system (4 patients [4%]), bone (3 patients [8%]), and lung 
(1 patient [1%]). The pathologic staging by both the modified 
Nevin and AJCC classifications is listed in Table 3. For pa- 
tients who had potentially curative operative procedures, the 
distribution of the pathologie stages using both systems is 
depicted in Table 4. Sixty-two (87%) and 63 (89%) patients 
who underwent noncurative cholecystectomy, palliation, or 
biopsy only had modified Nevin stage 5 or AJCC stage IV 
cancers, respectively. The remaining patients had modified 
Nevin stage 3 (2 patients [3%] or 4 (7 patients [10%]) or AJCC 
stage III (8 patients [11%]) tumors. 

In addition to gallbladder eancer, most patients had addi- 
tional hepatobiliary pathologie findings. Gallstones were pre- 
sent in 82% of patients, and 2 vatients had porcelain gallblad- 
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¥) 














Table 3.— Tumor Stages for All Patients 


Modified No. (%)of American Joint Commission No. (%) of | 
Nevin Stage* Patients on Cancer Stage Patients 


1 3 (3) 3 (3) 























22 (20) 
18 (16) 
62 (56) iV 65. (59) 

Total 111 (100) Total 111 (100) 


*These are modified from the original criteria’® in that direct liver involvement 
was classified as stage Ili disease, not stage V disease. 


12 (11) 















Table 4.—Tumor Stages for Patients Who Underwent 
E Curative Operations 





No. of Patients 





Cholecystectomy Radical Cholecystectomy 





*includes four cases involving common bile duct (three cases) and duodenum 


` {one case) that were classified as American Joint Commission on Cancer stage 


ili cancers. 

tincludes two cases with liver involvement <2 cm that were classified as 
American Joint Commission on Cancer stage lil cancers and one case with 
liver involvement >2 cm and one case with colon and duodenum involvement 
that were classified as American Joint Commission on Cancer stage IV cancers. 


Table 5.— Tumor Ploidy by Histologic Grade 


Tumor Ploidy, No. of Cases 


Tetraploid 





Histologic 





Diploid Aneuploid 





ders. Five (6%) of the 85 patients for whom liver histologic 
examination results were available had cirrhosis. 

Highty-seven percent of patients had adenocarcinomas, 
while 7% had squamous cell cancers, and 5% had adenosqua- 
mous carcinomas. There was a single case of anaplastic can- 
cer. Tumor grades were distributed as follows: grade 1, 8%; 
grade 2, 37%; grade 3, 30%; and grade 4, 25%. 


Flow Cytometry 
Of the 70 cancers for which adequate tissue was available, 8 
(11%) were normal, 28 (40%) were tetraploid/polyploid, and 


34 (49%) were aneuploid. The distribution of tumor DNA 
ploidy by tumor grade is shown in Table 5. There was no 


= correlation between the ploidy pattern and histologic grade. 
Similarly, tumor ploidy did not correlate with the stage of 


cancer using either the AJCC or modified Nevin system. 
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Years Following Surgery 
Fig 1.— Survival for all patients. 


Patient Survival 


At this writing, 91% of the patients had died, 84% second- 
ary to their gallbladder cancer, 5% without known carcinoma, 
and 2% of unknown causes, The median survival was 0.5 vears 


_ - for all patients. Only 27% of patients were alive I year after 
<: their operation, and 18% of patients survived 5 vears (Pig 1). 
< -Using univariate analysis, both the AJOC (P<.0001) and o o 
Nevin (P<.0001) staging criteria were highly predictive of > 
patient survival using log-rank analysis (Fig 2). Ofthe other 





01) and- 


variables analyzed, higher tumor grade (P<.0001) and the 


presence of icterus or jaundice (P <.0001) were associated oe a 2 


with disease-related mortality. Using multivariate analysis, 


however, only hyperbilirubinemia (P= .0006) and tumor ~~ | 


grade (P= .003) remained as independent variables predic 
tive of adverse patient outcome. 

Radical operative resection prolonged median survival (3.6 
years) compared with cholecystectomy alone (0.8 years) in 
patients who had potentially curative surgical procedures. 
Nevertheless, there was no ultimate long-term difference, as 
the 5-year survival rates were 33% and 32% for radical resec- 
tion and cholecystectomy, respectively (P= .08, Fig 2). The- 
5-year survivors in the cholecystectomy group included two 
patients with in situ cancer (Nevin stage 1, AJCC stage and- 
five patients with Nevin stage 2 (AJCC stage D carcinomas. — 
The only patient with Nevin stage 2 disease treated with 
radical cholecystectomy was a 5-year survivor. Three pa- 
tients with modified Nevin stage 3 (all AJCC stage ID) gall- 
bladder cancer and two patients with Nevin stage 4 (AJCC 
stage ITI) cancer, one with both liver invasion and nodal 
metastasis, also survived for 5 years after their radical 
surgery. 

No difference in survival was apparent when comparing 
cholecystectomy and radical resection for tumors without 
nodal metastasis (P = .65). Comparing only invasive galiblad- 
der carcinomas, the radical resection group had a borderline 
statistical improvement (P = .05) in survival: The mean age of 
cholecystectomy patients in this comparison was 10 years 
older than the radical cholecystectomy patients (74 vs 64 
years), and the relative survival rates at 5 years were similar 
(37% for radical cholecystectomy and 34% for choleeystecto- 
my). If only patients with transmural tumor infiltration or 
nodal metastasis treated with cholecystectomy (n= 14) or 
radical surgery (n= 17) are compared, there is a significant 
difference in survival (P<.001, Fig 4). There were no 5-year 
survivors after cholecystectomy alone, whereas 29% of the 
patients were alive 5 years following radical choleeystectomry. 
There was no statistically significant difference in survival 
(P = .60) in patients with Nevin stage 2 or 3 cancer treated 
with radical or conservative procedures. 





Carcinoma of Galibladder--Donohue etal 239 











Stage | (n= 6) 





Probability of Survival, % 










* ao 
P 
f Stage 2 {n= 6) 
A 60 
5 | | 
2 a 
8 i Stage 1 (n=3) 
ü 7 (a= 718) ss Stage 3. (n= 22). 
Stage 5 (n= 62) =_ 
oO 1 2 3 4 5 6 7 8 9 140 


Years Following Surgery 
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DNA ploidy was unhelpful in predicting patient outcome 
(Table 6). Median survival and 5-year survival rates for each 
ploidy category were as follows: diploid, 0.6 years and 20%; 
tetraploid, 0.7 years and 17%; and aneuploid, 0.5 years and 
14%. 


COMMENT 


In this review of our recent experience with gallbladder 
cancer, signs of hyperbilirubinemia, tumor stage, and tumor 
grade were predictive of patient survival. Jaundice, palpable 
tumor, hepatomegaly, and other clinical signs caused by gall- 
bladder cancer indicate advanced disease. Tumor grade has 
been noted as a prognostic factor by several authors,” and 
it added important prognostic information to pathologic stag- 
ing in two instances. *® Flow cytometry shows promise as an 
independent prognostic factor in certain solid tumors, "= 
Workers in Sendai, Japan,” have evaluated DNA content in 
gallbladder cancer measured by the Feulgen method, and 
they found a good correlation with depth of invasion. Our flow 
cytometric data did not correspond to tumor grade or stage, 
and they had no prognostic value. To be of prognostic value, it 
appears that flow cytometric analysis must be applied to 
tumors that are detected and treated in a relatively early 
stage. Because nearly three fourths of our patients harbored 
disease that had progressed beyond local confines, the exten- 
sive tumor burden overshadowed the cell kinetic mea- 
surements. 

The majority of gallbladder carcinomas at presentation are 
beyond the scope of a curative resection. Consistent with 
other series,*" distant metastases were present in more than 
half of our patients. While ultrasonography potentially allows 
more prompt and accurate diagnosis of gallbladder cancer,” 
the absence of early clinical findings in most patients negates 
this diagnostic advance. Symptoms and signs develop late in 
the disease course and denote a poor prognosis. In the ab- 
sence of a new technique that could be applied as a widespread 
method of screening for asymptomatic cancers, improved 
survival for most of these patients with carcinoma of the 
gallbladder requires the development of effective systemic 
therapy. 

At the opposite end of the pathologic spectrum, in situ 
gallbladder cancer is rare. Frequently inapparent macroscop- 
ically,”"“ these tumors are normally detected incidentally 
when the pathologist examines cholecystectomy specimens. 
Because of their occult nature, detection is often delayed until 
after the completion of the cholecystectomy. In our experi- 
ence and that of others, **™ simple cholecystectomy provides 
adequate surgical management for noninvasive gallbladder 
cancers (Nevin stage 1, AJCC stage 0). 
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For a sizable — y of patients—34% in the present 
study—the potential for improved survival resulting from a 
more radical operation might be anticipated. To investigate 
this, however, requires comparison of patients with similar 
disease stages. Involvement of adjacent structures and re- 
gional nodal metastasis affect survival, and these factors are 
accounted for in part by both the AJCC” and Nevin” staging 
systems. Both prognostic staging systems have flaws. The 
original Nevin classification” lacks definition of the extent of 
both lymph node metastasis and adjacent organ involvement. 
The current AJCC stage III is too broad, in that it combines 
distant and local nodal metastases. Although liver involve- 
ment by direct extension may result in increased tumor dis- 
semination, as seen in one patient in our series, we suspect 
that there is still potential for long-term survival following 
curative resection. We have modified the Nevin staging sys- 
tem to reflect this, including tumors with direct liver invasion 
in stage III, whereas separate liver metastases are classified 
as stage V lesions. Thi is similar to cancers staged with the 
AJCC system,” where only deep (>2 cm) liver invasion is 
categorized with metastatic gallbladder cancers. 

Although radical cholecystectomy was developed to encom- 
pass early tumor spread,’ the extent of concomitant hepatic 
resection and regional lymphadenectomy has varied widely. 
The extent of hepatic resection is dependent on the degree of 
liver invasion. In general, subsegmental resection of the he- 
patic bed of the gallbladder from segments 4 and 5 with both 
macroscopic and microscopic margins is employed. The scope 
of a lymphadenectomy is affected by the route and interrela- 
tionship of lymphatic drainage from the gallbladder and adja- 
cent structures. In general, cholecystic, pericholedochal, pos- 
terosuperior pancreaticoduodenal, and hepatic artery lymph 


nodes are excised. It is unclear whether extended hepatec- 
tomy or anatomic bisegmentectomy and more radical lympha- 
denectomy could improve the efficacy of radical cholecystec- 
tomy. Given the significant risk of increased complications 
and the low probability of increasing survival, we, unlike 
others,” do not advocate pancreaticoduodenectomy or ex- 
tended right hepatectomy for gallbladder cancer. 

Reluctance to proceed with radical cholecystectomy for 
gallbladder cancer revolves around two principal issues: 
(1) lack of statistically proved efficacy and (2) risk of mortality 
and morbidity. Even though a wide resection may seem logi- 
cal from a surgical oncologic perspective, significant improve- 
ment in long-term survival has not been convincingly demon- 
strated.” Because the 5-year survival of three patients 
with transmural tumor invasion and two patients with posi- 
tive regional lymph nodes (one with hepatic extension) might 
have been ascribed to radical cholecystectomy and the overall 
operative mortality and morbidity has been acceptably low, 
we feel justified in continuing to pursue this aggressive ap- 
proach. Patients with invasive gallbladder cancers confined 
to the gallbladder wall with early invasion of the liver bed or 
other contiguous organs and nonbulky nodal involvement of 
the hepatoduodenal ligament who will tolerate an extended 
resection should be considered candidates for a radical chole- 
cystectomy. Statistical differences between cholecystectomy 
and radical resections with small patient samples, retrospec- 
tive analysis, and potential understaging of the conservative- 
ly treated cancers must be accepted with caution. Although 
individual patients seem to have benefited from a radical 
surgical approach, we are reluctant to state conclusively that 
there is an improvement in survival. 
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IMMUNOF 


First, There was nourishment, then there - 
was repletion, now theres immunonutrition -~ 


Sandoz Nutrition Corporation, a pioneer in clinical 
nutritional products that provide nourishment for 
hospitalized patients, has developed a new enteral feeding 
formula. 

IMPACT” is the first product to bring together the science 
of immunology with the technology of nutrition. It is selec- ~ 
tively enriched beyond standard enteral products. The 
formulation combines vitamins and minerals with protein 
and carbohydrate to provide optimal nourishment. In 
addition, IMPACT provides arginine, RNA, and balanced 
lipids, which have the potential to enhance the recovery of 
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UTRITION 


patients who are immunocompromised, such as trauma, 
4 burn, surgical, sepsis, or cancer patients. 

Studies have documented that dietary components such 
as RNA, arginine, and certain lipids have an enhancing 
effect on the immune function of both animals and humans. 
Ongoing clinical trials are confirming this earlier dietary 
component research and showing that IMPACT has a posi- 

\ tive effect on a number of immune parameters. Studies, 
which include a large multicenter study, are in progress 
to confirm the benefits of IMPACT: Published reports are 
available. If you wish to be one of the first to hear more about 
IMMUNONUTRITION and IMPACT, call L800-369-3000. 
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SANDOZNUTRITION 
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THE RATIONAL CHOICE: 
FORTAZ ix 


ceftazidime/Glaxo 


*1gvials 12g q8-12h 





For empiric therapy of 
Suspected gram-negative 
infection’ 





Ta 


Mea ereciveacainst a broad spectrum of 
Patnosensrtom gram-negative Pseudomonas and 
tie emer obacteriaceae to gram-positive 
Stapnylococci 


@ As effective as the aminoglycosides, without 
exposing the patient to possible aminoglycoside 
toxicity 


W Well tolerated...safety profile similar to that of the 
first-generation cephalosporins’ 


E Proven performance in over 3 years of worldwide 
experience 


*Please see Brief Summary of Prescribing Information on next page for a full listing of indications, susceptible 
i ° » ti ; 
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FORTAZ 


ceftazidime for injection 


For intravenous or intramuscular use 


Brief summary. Before prescribing, consult complete prescribing information. 


INDICATIONS AND USAGE 

FORTAZ® is indicated for the treatment of patients with infections caused by susceptible strains of the 

designated organisms in the following diseases: 

1. Lower Respiratory Tract Infections, including pneumonia, caused by P aeruginosa and other Pseudomonas 
sp: H influenzae, including ampicillin-resistant strains; Klebsiella sp: Enterobacter sp; P mirabilis; E coli, 
Serratia sp; Citrobacter sp; S pneumoniae; and S aureus (methicillin-susceptible strains) 

2. Skin and Skin Structure Infections caused by P aeruginosa: Klebsiella sp; E coli, Proteus sp, including 
P mirabilis and indole-positive Proteus, Enterobacter sp; Serratia sp: S aureus (methicillin-susceptible 
strains); and S pyogenes (group A beta-hemolytic streptococci) 

3. Urinary Tract Infections, both complicated and uncomplicated, caused by P aeruginosa; Enterobacter sp; 
Proteus sp. including P mirabilis and indole-positive Proteus, Klebsiella sp; and E colt 

4. Bacterial Septicemia, caused by P aeruginosa; Klebsiella sp; H influenzae: E coli, Serratia sp; S pneumoniae, 
and S aureus (methicillin-susceptible strains). 

5. Bone and Joint Infections, caused by P aeruginosa; Klebsiella sp; Enterobacter sp. and S aureus (methicillin- 
susceptible strains). 

6. Gynecological infections, including endometritis, pelvic cellulitis, and other infections of the female genital 
tract, caused by £ coli 

7. intra-abdominal Infections, including peritonitis, caused by £ coli, Klebsiella sp, and S aureus 
(methicillin-susceptible strains) and polymicrobial infections caused by aerobic and anaerobic organisms 
and Bacteroides sp (many strains of B fragilis are resistant) 

8. Central Nervous System Infections, including meningitis, caused by H influenzae and Neisseria meningitidis 
FORTAZ has also been used successfully in a limited number of cases of meningitis due to P aeruginosa and 
S pneumoniae 
Specimens for bacterial cultures should be obtained prior to therapy in order to isolate and identify causative 

organisms and to determine their susceptibility to ceftazidime. Therapy may be instituted before results of 

susceptibility studies are known; however, once these results become available, the antibiotic treatment should 
be adjusted accordingly 

FORTAZ may be used alone in cases of confirmed or suspected sepsis. FORTAZ has been used successfully 
in clinical trials as empiric therapy in cases where various concomitant therapies with other antibiotics have 
been used. 

FORTAZ may also be used concomitantly with other antibiotics, such as aminoglycosides, vancomycin, and 
clindamycin, in severe and life-threatening infections and in the inmunocompromised patient. When such 
concomitant treatment is appropriate, prescribing information in the labeling for the other antibiotics should 
be followed. The dose depends on the severity of the infection and the patient's condition 


CONTRAINDICATIONS 
FORTAZ® is contraindicated in patients who have shown hypersensitivity to ceftazidime or the cephalosporin 
group of antibiotics 


WARNINGS 
BEFORE THERAPY WITH FORTAZ® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 
WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFTAZIDIME, 
CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH 
CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS 
THIS PRODUCT SHOULD BE GIVEN WITH CAUTION TO PATIENTS WITH TYPE 1 HYPERSENSITIVITY REACTIONS 
TO PENICILLIN. IF AN ALLERGIC REACTION TO FORTAZ OCCURS, DISCONTINUE TREATMENT WITH THE 
DRUG. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER 
EMERGENCY MEASURES 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum 
antibiotics); therefore, itis important to consider its diagnosis in patients who develop diarrhea in association 
with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of 
clostridia. Studies indicate a toxin produced by C difficile is one primary cause of antibiotic-associated colitis 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated 

When the colitis is not relieved by drug discontinuance or when it is severe, oral vancomycin is the treatment 
of choice for antibiotic-associated pseudomembranous colitis produced by C difficile. Other causes of colitis 
should also be considered 


PRECAUTIONS 
FORTAZ® has not been shown to be nephrotoxic; however, because high and prolonged serum antibiotic 
concentrations can occur from usual doses in patients with transient or persistent reduction of urinary output 
because of renal insufficiency, the total daily dosage should be reduced when ceftazidime is administered to 
such patients (see DOSAGE AND ADMINISTRATION). Continued dosage should be determined by degree of 
renal impairment, severity of infection, and susceptibility of the causative organisms 

As with other antibiotics, prolonged use of FORTAZ may result in overgrowth of nonsusceptible organisms 
Repeated evaluation of the patient's condition is essential. If superinfection occurs during therapy, appropriate 
measures should be taken 

FORTAZ should be prescribed with caution in individuals with a history of gastrointestinal disease 
particularly colitis 
Drug Interactions: Nephrotoxicity has been reported following concomitant administration of cephalosporins 
with aminoglycoside antibiotics or potent diuretics such as furosemide. Renal function should be carefully 
monitored, especially if higher dosages of the aminoglycosides are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics 
Nephrotoxicity and ototoxicity were not noted when FORTAZ was given alone ın clinical trials 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed 
to evaluate carcinogenic potential. However, a mouse Micronucieus test and an Ames test were both negative 
for mutagenic effects 
Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies have been performed in mice and 
rats at doses up to 40 times the human dose and have revealed no evidence of impaired fertility or harm to the 
fetus due to FORTAZ. There are, however, no adequate and well-controlled studies in pregnant women. Because 
animal reproduction studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed 
Nursing Mothers: Ceftazidime is excreted in human milk in low concentrations. Caution should be exercised 
when FORTAZ is administered to a nursing woman 


ADVERSE REACTIONS 
FORTAZ® is generally well tolerated. The incidence of adverse reactions associated with the administration of 
FORTAZ was low in clinical trials. The most common were local reactions following intravenous injection and 
allergic and gastrointestinal reactions. Other adverse reactions were encountered infrequently. No disulfiram- 
like reactions were reported 

The following adverse effects from clinical trials were considered to be either related to ceftazidime therapy 
or were of uncertain etiology 
Local Effects, reported in less than 2% of patients, were phlebitis and inflammation at the site of injection (1 in 
69 patients). 
Hypersensitivity Reactions, reported in 2% of patients, were pruritus, rash, and fever. Immediate 
hypersensitivity reactions occurred in 1 in 285 patients 
Gastrointestinal Symptoms, reported in less than 2% of patients, were diarrhea (1 in 78), nausea (1 in 156), 
vomiting (1 in 500), and abdominal pain (1 in 416) 
Less Frequent Adverse Events (less than 1%) were candidiasis; vaginitis; and central nervous system events 
that included headache, dizziness, and paresthesia 
Laboratory Test Changes noted during FORTAZ clinical trials were transient and included: eosinophilia (1 in 13), 
positive Coombs test without hemolysis (1 in 23), thrombocytosis (1 in 45), and slight elevations in one or more 
of the hepatic enzymes, SGOT (1 in 16), SGPT (1 in 15), LDH (1 in 18). GGT (1 in 19), and alkaline phosphatase 
(1 in 23). As with some other cephalosporins, transient elevations of blood urea, blood urea nitrogen and/or 
serum creatinine were observed occasionally. Transient leukopenia, neutropenia, thrombocytopenia and 
lymphocytosis were seen very rarely 
DOSAGE AND ADMINISTRATION 

impaired Renal Function: Ceftazidime is excreted by the kidneys, almost exclusively by glomerular filtration 
Therefore, in patients with impaired renal function (GFR < 50 ml/min), it is recommended that the dosage of 
ceftazidime be reduced to compensate for its slower excretion. See complete Prescribing Information for 
dosage in patients with renal impairment 
HOW SUPPLIED 
FORTAZ® in the dry state should be stored at controlled room temperature, 15° to 30°C (59° to 86°F), and 
protected from light. FORTAZ is a dry, white to off-white powder supplied in vials and infusion packs as follows 
NDC 0173-0377-31 500-mg’ Vials (Tray of 25) 
NOC 0173-0378-35 1-g* Vials (Tray of 25) 
NDC 0173-0379-34 2-g° Vials (Tray of 10) 
NDC 0173-0380-32 1-g* Infusion Pack (Tray of 10) 
NDC 0173-0381-32 2-g* Infusion Pack (Tray of 10) 
NDC 0173-0382-37 6-g* Pharmacy Bulk Package (Tray of 6) 
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A Phase I Trial of Preoperative Radiation, 


* Proctectomy, and Endoanal Reconstruction 


Alfred M. Cohen, MD, Bruce D. Minsky, MD 


è The purpose of this study was to explore the feasibility of 
sphincter preservation in abdominoperineal resection candi- 
dates by combining high-dose preoperative radiation therapy 
with restorative proctectomy through an endoanal anastomosis. 
Radiation to the pelvis was given using a three- or four-field 
technique to 4680 cGy (180 cGy/d) with portals from the top of S1 
to 2 cm below the anus. The tumor bed received an additional 360- 
cGy boost. Four to 6 weeks after radiation therapy was com- 
pleted, the patients underwent radical surgery. Phase | results for 
14 patients are presented. All surgical specimens had negative 
distal and lateral margins. Surgical complications included one 
small-bowel obstruction requiring reoperation at 3 weeks, one 
pulmonary embolism, and one partial disruption (30% of the 
circumference) of the anastomosis. Bowel control and function 
were excellent in 8 and good in 4 patients. Function was not yet 
assessable in the remaining 2 patients. 

(Arch Surg. 1990;125:247-251) 


ith the widespread application of the intraluminal circu- 

lar staplers, almost all patients with cancers of the 
upper half of the rectum undergo sphincter-saving opera- 
tions. Under limited circumstances, various stapling, abdo- 
minosacral, coloanal, and endoanal reconstructions can allow 
- sphincter preservation for more distal rectal cancers.’ Data 
suggest that a distal mural margin of 2 cm may prove ade- 
quate* and that peripheral dissection of the perirectal soft 
tissue is pivotal in minimizing local recurrence.** In addition, 
high-dose preoperative radiation therapy may eliminate mi- 
eroscopic residual cancer in the pelvis.’ The purpose of this 
study was to explore the feasibility of sphincter preservation 
in abdominoperineal resection candidates by combining high- 
dose preoperative radiation therapy with restorative proctec- 
tomy through an endoanal anastomosis. Our phase I experi- 
ence with 14 patients is presented. 


PATIENTS AND METHODS 


Eligible patients had invasive adenocarcinoma of the rectum with a 
lower edge 3 to 7 cm from the anal verge and at least 1 cm above the 
anorectal ring. According to clinical criteria, abdominoperineal resec- 
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tion was considered likely. Patients signed an Institutional Review 
Board-approved informed consent form indicating the experimental 
nature of this program. Abdominal computed tomographic scans 
were normal, showing no distant disease (periaortic nodes, liver 
metastases). 

_ Preoperative radiation therapy was given using a three- or four- 
field technique with linear accelerators of at least 10 MeV. The full 
pelvis was treated with 4680 cGy at 180 cGy/d 5 days per week with 
portals from the top of S1 to 2 cm below the anus. The tumor bed 
received an additional 180-cGy x 2 boost with opposed laterals. Fig- 
ure 1 illustrates the pelvic portals. Four to 6 weeks after radiation 
therapy was completed, the patients underwent radical surgery. The 
planes of the pelvic dissection are illustrated in Fig 2, encompassing 
all perirectal tissue to the anorectal ring. 

Surgery was performed with the patient in the Trendelenburg 
lithotomy position and in Lloyd-Davies stirrups. The entire left colon 
to the level of the middle colic artery was mobilized, with ligation and 
division of the inferior mesenteric artery and vein. The distal left side 
of the colon was divided with a linear stapler at a level to ensure 
adequate length to reach to the pelvic floor. The sigmoid colon was not 
used for the reconstruction because of its smaller caliber and the 
frequent presence of diverticular disease. A radical resection of the 
rectum with sharp mobilization of the perirectal soft tissue on all sides 
and from the levators was performed from the abdominal incision. 
The rectosacral fascia was sharply incised posteriorly to mobilize the 
entire rectum to the level of the anorectal ring. 

Surgery then proceeded from the perineal approach, in which 0 silk 
traction sutures were placed through the anoderm and the underlying 
sphincter muscle and tied to a 10-cm ring retractor (Fig 3). Using the 
technique of Parks and Percy,”’ the mucosa was stripped from the 
dentate line to just above the levators. At the level of the anorectal 
ring the muscular rectal wall was opened in the midline anteriorly and 
posteriorly (Fig 4). To facilitate the muscle-wall division, rubber 
catheters were passed through the posterior opening into the pelvis, 
then back to the perineum through the anterior opening (Fig 5). With 
cephalad traction on the rectum, cautery was used to complete the 
transmural amputation laterally, and the specimen was removed. 
The colon was brought into the anal canal, the staple line was excised, 
and a direct anastomosis was performed to the dentate line (including 
some internal sphincter muscle) with interrupted 2-0 polyglycolic 
acid synthetic suture material. The colon was placed into the sacral 
hollow and the pelvis was drained from above with two closed suction 
drains. A temporary transverse colostomy was brought to the skin 
and primarily matured following abdominal closure. Petrolatum- 
impregnated gauze roll was placed in the anal canal to prevent “side- 
to-side” healing and was removed 4 to 5 days later. Following the 
colostomy closure at 6 to 8 weeks, patients were given a regular diet 
with psyllium hydrophilic muciloid twice daily. Antispasmodics and 
topical medications for the perineal skin were used for 1 to 2 months as 
needed. 
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Fig 1.—Radiation treatment portals. 


\ 
Cancer 


Line of 
Dissection 


Fig 2.—Planes of pelvic dissection. 


RESULTS 


Phase I results for 14 patients entered during a 2-year 
period are presented in the Table. All surgical specimens had 
negative distal and lateral margins. Two patients had no 
residual tumor on microscopic analysis. Surgical complica- 
tions included one small-bowel obstruction requiring reopera- 
tion at 3 weeks, one pulmonary embolism, and one partial 
disruption (30% of the circumference) of the anastomosis. 
There were no wound or pelvic infections. With a median 
follow-up of 20 months, bowel control and function were 
excellent in 8, good in 4, and not assessable in 2 patients. 
Excellent function is defined as one or two bowel movements 
per day and the absence of soilage at any time. Good function 
indicates four or fewer movements per day and/or mild soilage 
day or night. 
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6 Retention Sutures in Place 


Fig 3.— Anal traction sutures. 


COMMENT 


Clinicopathologic studies suggest that the traditional distal 
5-em mucosal and mural margin caudad to a rectal cancer is 
not necessary to avoid local recurrence and that a 2-cm margin 
may be adequate.”** Obtaining a wide lateral margin is proba- 
bly more important,” and this is best done by completely 
removing the “mesorectum” (perirectal soft tissue) by sharp 
dissection.” 

Adjuvant radiation therapy appears to be effective in de- 
stroying microscopic residual cancer in the pelvis. Multiple 
randomized trials using preoperative radiation therapy sug- 
gest that high-dose radiation is effective in reducing local 
recurrence.” The lowest local failure rates with adjuvant 
radiation are reported in nonrandomized series using 4500 to 
5000 cGy in 180- to 200-cGy fractions. With this approach, 
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Fig 4.—Anterior and posterior penetra- 
tion at the level of the anorectal ring. 


Fig 5.—Rubber catheters to facilitate 
transmural division of the rectum. 


local failure occurs in approximately 5% of patients, and leak 
rates with sphincter-saving surgery have not increased." 
Before intraluminal circular staplers were widely used, 
patients with midrectal cancer underwent reconstruction us- 
ing abdominosacral" or everting coloanal*” techniques. For 
more distal rectal cancers, the anastomosis is made at the 
level of the pelvic floor (levators, anorectal ring).** The 
pelvic dissection may be combined with a peranal submucosal 
or intersphincter dissection to allow coloanal anastomosis at 
the level of the dentate line.” =" Anastomoses at the level of 
the anorectal ring may be hand-sewn” or stapled.” The en- 
doanal reconstructions at the level of the dentate line are 
hand-sewn." = In the previous report from our center of 41 
patients who underwent coloanal reconstruction, two thirds 
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of the patients had long-term good to excellent functional 
results.” In those patients we used the intraluminal circular 
stapler at the level of anorectal ring with an endoanal purse 
string approach or the Parks endoanal hand-sewn anastomo- 
sis. In the current report, we have combined full-dose preop- 
erative radiation with complete proctectomy and a sutured 
endoanal reconstruction with few complications, and the func- 
tional results are satisfactory. Similar results have been ob- 
tained by Marks and colleagues” using a somewhat different 
transanal/transabdominal surgical approach. 

Our encouraging phase I results indicate that high-dose 
preoperative radiation therapy, proctectomy, and coloanal 
reconstruction is feasible, resulting in negative surgical mar- 
gins, primary anastomotic healing in most cases, and good to 
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Phase | Patient Data With Radiation Therapy, Proctectomy, and Endoanal Reconstruction 


Staging 
After 
Radiation 
Therapy 


T3,N1,MO 
T2,N1,MO 
T2,N1,MO 
T3,N3,MO 


Patient 


Age, 
y/Sex 


Distance 
From 
Verge, cm 


Clinical 
Penetration 


Muscle 
Muscle 


Size, cm 


Muscle 
Muscle 


No residual 
cancer 


T2,N1,MO 


Muscle 


Muscle 


Muscle 
Muscle 
Muscle 


T3,NO,MO 
T3,N1,M1 
T2,NO,MO 


2.5x2.5 
3x4 


Muscle T2,NO,MO 


Muscle T2,N1,MO 


No residual 
cancer 


T3,NO,MO 
T3,NO,MO 


Circumferential Muscle 


5x5 
3x3 


Muscle 
Muscle 


excellent bowel function. We plan to expand our experience 
and obtain adequate follow-up to ascertain locoregional recur- 
rence data as well as long-term functional results. Initial 
reports using a colonic J pouch for coloanal reconstruction are 


Distal 
Margin, 


Interval Function 
After ih in a en ae 


Surgery, Bowel 
cm Complications mo Movements 


2.0 None 25 2-3 per wk 
1.8 None 24 None 
j rd None 24 None 


3.7 None 24 Mild 
(day and night) 


Rare day 


Soilage 
None 
1-2 per day 
1-2 per day 
2-3 per day 


ke None 22 1-2 per day 


2.0 Peripheral 20 
neuropathy 


1.0 None 19 None 
1.2 None 16 None 


3.5 Partial 16 Mild 
anastomotic (day and night) 
disruption 


None 2 per day 


1-2 per day 
1-2 per day 
2-4 per day 


2 None 4-5 per day 


1.4 Pulmonary 1 per day 


embolism 


sere None 2 per day 


2.3 None 
0.5 None 





encouraging, with reduction in stool urgency and frequen- 
cy.” Because of incomplete evacuation of such pouches, we 
plan to continue using the straight end-to-end reconstruction 
pending long-term analysis of functional end results. 
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Invited Commentary 


This is one of an increasing number of articles dealing with the 
avoidance of colostomy in the management of rectal malignant 
neoplasms. The authors utilize a technique first described by Sir 
Alan Parks” that has been technically safely performed in the 
past. Coloanal anastomosis following full-dose radiotherapy has 
been viewed as hazardous in terms of healing. This report and 
others referred to in the text have demonstrated the relative 
safety of such a technique. Other features of this article that 
emphasize an increasing understanding of the management of 
rectal cancer are the positive role of radiotherapy and the impor- 
tance of wide dissection as the rectum is excised. 

The 2-cm margin distal to the gross lower border of the 


tumor has been controversial in the past but has been recently 
accepted for lesions that are nonulcerating and have a moderate to 
low grade of malignancy. Anaplastic tumors demand more respect 
in terms of margin. 

This report is preliminary, with follow-up of only 20 months. A 
longer period of experience will be necessary to truly assess the 
technique as a curative cancer procedure. Nevertheless, the ex- 
perience cited here and elsewhere in the literature gives hope that 
fewer patients with rectal cancer will have to experience a lifetime 
colostomy. 


MALCOLM C. VEIDENHEIMER, MD 
Burlington, Mass 
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ARCHIVES OF PATHOLOGY & LABORATORY MEDICINE 
Aortoenteric Fistulas: A Study of 28 Autopsied Cases Spanning 25 Years 
Joseph P. Grande, MD, PhD; Douglas M. Ackermann, MD; William D. Edwards, MD 


Among 28 autopsied patients with aortoenteric fistulas, the mean age was 67 years (range, 19 to 91 years) and 
23 (82%) were men. The most common causes were aortobifemoral bypass grafts (16 cases [57%]) and 
gastrointestinal carcinomas (6 cases [21%]). Fistulas developed at proximal anastomosis sites in 15 of 16 patients 
with grafts and were associated with radiation injury in 3 of 6 patients with carcinomas. Aortoenteric fistulas 
involved the duodenum in 16 (57%), esophagus in 9 (32%), and other gastrointestinal sites in 3 patients (11%). 
They involved the abdominal aorta in 20 cases (71%) and descending thoracic aorta in 8 cases (29%). 
Exsanguination from aortoenteric fistulas was the cause of death in 23 cases (82%). Major risk factors for 
aortoenteric fistulas are aortic bypass grafts and gastrointestinal carcinomas (Arch Pathol Lab Med. 


Reprint requests to Division of Pathology, Mayo Clinic, 200 First St SW, Rochester, MN 55905 (Dr Edwards). 
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Surgical Implications of Primary 


Gastrointestinal Lymphoma of Childhood 


Irvin D. Fleming, MD; Peter S. Turk, MD; Sharon B. Murphy, MD; William M. Crist, MD; Victor M. Santana, MD; Bhaskar N. Rao, MD 


è Our purpose was to summarize information from a large 
single institution’s experience regarding the role of surgical re- 
section in the management of non-Hodgkin’s lymphoma in chil- 
dren and adolescents. Fifty-eight children were treated for prima- 
ry gastrointestinal non-Hodgkin’s lymphoma. The tumors 
usually presented in the ileocolic region (n=54). Twenty-one 
children presented with intussusception. Complete surgical re- 
section of tumor was accomplished in 32 patients, partial resec- 
tion in 20, and biopsy only in 6. All patients were given lymphoma 
protocols employing chemotherapy and irradiation. Forty-four 
(76%) of 58 patients are surviving from 1 year to greater than 20 
years from diagnosis. Thirty-one of 32 patients who underwent 
complete resection followed by protocol management are sur- 
viving, compared with 13 of 26 children with residual gross 
disease. The results indicate that children with primary gastroin- 
testinal non-Hodgkin's lymphoma benefit from complete surgi- 
cal resection when feasible. 

(Arch Surg. 1990;125:252-256) 


N on-Hodgkin’s lymphoma (NHL) represents the third 
most common childhood malignant neoplasm.’ It occurs 
in the abdomen in approximately 35% of cases.”* Nearly one 
half of these have a primary site in the gastrointestinal tract.”” 
In most cases, the disease is identified after several weeks of 
persistent symptoms, without accurate preoperative diagno- 
sis. At present, the role of resection, once gastrointestinal 
NHL is found, remains controversial. In light of recent im- 
provements in treatment outcome for children with NHL 
using intense combined therapeutic modalities, there is a 
need to clearly identify the presenting symptoms of patients 
with this tumor to facilitate early diagnosis and define the 
best surgical/medical management. 


PATIENTS AND METHODS 


From 1962 to 1987, 122 children with primary abdominal NHL 
were treated at St Jude Children’s Research Hospital, Memphis, 
Tenn (Fig 1). Within this group, 59 patients had a primary gastroin- 
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testinal lymphoma. These patients, aged 3 to 17 years (median, 
10 years), included 49 males and 9 females (5.4:1 ratio), and 54 whites 
and 4 nonwhites (14:1). 

The most common symptom was abdominal pain, present in 55 of 58 
patients. This was characteristically intermittent, colicky, and in the 
periumbilical region or right lower quadrant. This pain was present 
for at least 1 week in 46 patients, and more than 2 weeks in 33. Other 
symptoms included anorexia, weight loss, nausea, vomiting, fever, 
fatigue, malaise, and constipation (Fig 2). The most common physical 
signs on diagnosis were a palpable abdominal mass and occult rectal 
bleeding. Typical laboratory findings included mild anemia (median 
hemoglobin, 115 g/L) and normal white blood cell count (median, 
9x 10°/L). Roentgenographic findings were usually nonspecific. 
However, 21 patients presented with intussusception and 15 were 
diagnosed as such by barium enema. All intussusceptions occurred in 
the distal ileum or ileocecal area (Fig 3), and all of these patients 
presented with pain. Accurate preoperative diagnosis of lymphoma 
was made in only 1 of the 58 patients, with presentation most com- 
monly being confused with a periappendiceal abscess or idiopathic 
intussusception. The location of lymphomas were ileocolic in 54 pa- 
tients, jejunal in 3, and gastric in 1 (Fig 4). 

Staging was done using the St Jude staging system for NHL.*’ All 
primary bowel lymphomas were considered a minimum of stage II 
(Table 1). The findings at exploration included localized resectable 
lesions in 32 patients (stage II) and advanced or unresected disease in 
the remaining 26 (stage III). Advanced disease included periaortic or 
retroperitoneal lymphatic spread or direct infiltration to adjacent 
tissues, rendering the lesion unresectable. Any primary gastrointes- 
tinal lesion not surgically resected was considered stage III. Perfora- 
tion was noted with three of these unresected lymphomas. There was 
no difference in distribution of histologic types between localized and 
advanced lymphomas. 

The most common cell types, as identified by the Rappaport and 
the National Cancer Institute (NCI) working formulation for clinical 
usage, were small noncleaved cell Burkitt’s lymphoma in 25 patients 
(43%) and small noncleaved cell non-Burkitt’s lymphoma in 17 (29%). 
Other less frequent types included large-cell immunoblastic in 8, 
undifferentiated in 6, small cell lymphocytic in 1, and diffuse large 
noncleaved in 1 (Table 2). 


TREATMENT 


Thirty-two patients underwent complete surgical resection 
of the lymphoma, and 20 received partial resection. Overall, 
37 patients underwent a variation of a right-sided hemicolec- 
tomy. Five patients, all with advanced disease, received biop- 
sy alone, including 1 diagnosed by paracentesis. 

Prior to 1975, patients were treated with systemic chemo- 
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Fig 1.—The distribution of malignant lymphomas seen at St Jude 
Children’s Research Hospital (Memphis, Tenn) from 1962 to 1987, 
demonstrating frequency of gastrointestinal (Gl) primary sites. ABD 
indicates abdominal; NHL, non-Hodgkin's lymphoma; and HD, Hodg- 
kin's disease. 
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Fig 2.— The frequency of presenting signs and symptoms of gastroin- 
testinal lymphoma with relative duration prior to diagnosis. 


therapy, including vincristine sulfate, cyclophosphamide, 
prednisone, and involved field radiotherapy, 25 to 40 Gy. 
From 1975 to 1978, patients were treated on a single com- 
bined modality protocol, which has previously been 
reported.’ 

Since 1978, patients with resected gastrointestinal lympho- 
mas (stage II) irrespective of histologic type received therapy 
that included cyclophosphamide, prednisone, vincristine sul- 
fate, and doxorubicin, with maintenance therapy of oral mer- 
captopurine and methotrexate, with or without involved field 
radiotherapy (20 Gy).° However, those with a nonresected 
abdominal tumor (stage III) with diffuse small non-cleaved 
cell histologic features (Burkitt’s or non-Burkitt’s lymphoma) 
have received intensive therapy with high-dose fractionated 
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Fig 3.—Barium enema demonstrating intussusception of the ileum 
into the cecum by a lymphoma of the ileum with associated intestinal 





obstruction. 





Fig 4.—Graphic demonstration of location and frequency of primary 
gastrointestinal non-Hodgkin's lymphoma in this series. Numbers 
indicate frequency at each site. 
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Table 1.—St Jude Children’s Research Hospital 
(Memphis, Tenn) Staging Scheme 
of Abdominal Non-Hodgkin’s Lymphoma 


Stage | Single tumor (extranodal) or single nodal site with the 


exclusion of abdominal or mediastinal site 


Stage II Single tumor with regional node involvement on same side 


of diaphragm 


A primary gastrointestinal tract tumor, with or without 
regional node involvement, that is resected 





Stage III Two single tumors or nodal areas above and below the 
diaphragm 


Primary abdominal tumor that is extensive or not resected 


Stage IV Any of the above with central nervous system or bone 
marrow involvement 


Table 2.—Histologic Types and Frequency of Non-Hodgkin's 


Lymphoma of the Gastrointestinal Tract 





No. of Patients/ 
Histologic Type Survival (%) 





cyclophosphamide, doxorubicin, methotrexate, cytarabine, 
and intrathecal therapy.’ Patients with stage III disease with 
diffuse large-cell histologic features received a four-drug 
treatment plan with cyclophosphamide, doxorubicin, vincris- 
tine sulfate, and prednisone (CHOP) with or without involved 
field radiotherapy. Other St Jude treatment protocols are 
used for the stage III and IV tumors with rare histologic 
types. The details of these treatment protocols have been 
published by Murphy’ and Murphy et al.*’ 


RESULTS 


Current follow-up time is 18 months to 25 years. Overall, 44 
(76%) of the 58 patients are alive and well. All 14 deaths in this 
series occurred within 10 months of diagnosis, due to dissemi- 
nated lymphoma (n= 12) or progression to leukemia (n= 2). 
There was no correlation of mortality with age, sex of the 
patient, or duration of symptoms at diagnosis. The presence . 
of intussusception in patients with ileocolic primary sites had 
no influence on survival: 17 (81%) of 21 of the patients sur- 
vived after presentation with intussusception, compared with 
26 (79%) of 33 without this complication. The solitary patient 
with gastric lymphoma is alive and well, whereas all 3 pre- 
senting with primary jejunal disease died. Mortality was 
unrelated to histologic type. Survival rates varied between 
67% and 80% for the four major types that accounted for 56 of 
the 58 cases (Table 1). 

Results of surgical management are shown in Fig 5. Of 
patients undergoing complete resection (stage IT), 31 (97%) of 
32 survived, compared with those who had a partial resection 
(stage III) (11 [52%] of 21) or those who underwent biopsy 
only (stage IIT) (2 [40%] of 5) (Fig 5). 

Therapeutic outcome has improved over time, with surviv- 
al in 8 (61%) of 13 patients treated from 1962 to 1974, com- 
pared with 39 (80%) of 45 of those treated from 1975 to 1987 
when standardized protocols for chemotherapy and irradia- 
tion were followed at St Jude Children’s Research Hospital 
(Table 3). In the context of surgical management, full resec- 


Fig 5.—Survival curves for children with non-Hodgkin's lymphoma of 
the gastrointestinal tract according to stage and resection status. 
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Table 3.—Comparison of Stage, Resection, and Survival of Children With Non-Hodgkin’s Gastrointestinal Lymphoma 


No. (%) of Patients 


p EEO 


Overall Surviving 
(1962-1987) 


p S 


Stage (No. 
of Patients) 


Surviving With 
1975 Protocols 


p 


Survived Survived 


II (32) Complete 2 31 (97) 24 24 (100) 
17 


3 
Partial 21 
Biopsy only 5 
Total 58 


Ill (26) 


tion and protocol therapy resulted in survival of all 24 pa- 
tients, whereas partial resection with protocol therapy re- 
sulted in survival of 10 (59%) of 17 (Table 2). 

Morbidity related to chemotherapy and irradiation in survi- 
vors included ovarian failure in four patients, growth failure 
in three, pelvic atrophy in one, and deafness in one. One 
patient developed nonlymphoid leukemia as a second malig- 
nant neoplasm. 


COMMENT 


Non-Hodgkin’s lymphoma is a common childhood malig- 
nant neoplasm. It, together with Hodgkin’s disease, consti- 
tutes 15% of all malignancies in the preadolescent and adoles- 
cent age groups. Non-Hodgkin’s lymphoma is 1.5 times more 
common than Hodgkin’s disease in this age group.’** Child- 
hood NHL is a unique entity, differing from Hodgkin's dis- 
ease and adult NHL in clinical behavior and response to 
therapy. In these respects, childhood NHL is more closely 
related to acute lymphocytic leukemia.”* Children with cer- 
tain immunodeficiency syndromes have been known to have a 
predisposition to development of lymphomas,’ but no patient 
in our series of 58 patients had an immunodeficiency syn- 
drome. The most common (30% to 40%) presenting site in 
NHL of childhood is intra-abdominal. Widespread abdominal 
disease is reported to be twice as common as localized gastro- 
intestinal lymphoma.” _ 

In this series, NHL accounted for 48.5% of all pediatric 
cases, with 32% of these patients having an abdominal prima- 
ry site. Nearly half of the abdominal cases had a gastrointesti- 
nal origin. No patients with Hodgkin's disease had an intesti- 
nal primary site. Intestinal NHL usually originates in the 
ileocecal region. Jenkin et al’ noted that in 92% of 36 patients 
with intestinal primary lymphomas, the tumor presented in 
the ileocecal region. This was true in a similar proportion of 
cases in this series (93%). These findings are in sharp contrast 
to adult gastrointestinal NHL, which most frequently pre- 
sents with a gastric primary site.” A 2:1 or 3:1 male-to-female 
ratio is commonly reported with childhood NHL.'**" We 
noted a 5.4:1 ratio in this study. 

Correct preoperative diagnosis is rare, with laparotomy 
and tissue diagnosis almost invariably required. In this se- 
ries, symptoms were nonspecific except for their chronicity, 
and frequently were exacerbated by an acute abdominal epi- 
sode such as an intussusception. Abdominal symptoms were 
usually present for several weeks prior to diagnosis. Findings 
on physical examination commonly included a palpable ab- 
dominal mass and occult rectal bleeding. Many of these symp- 
toms and signs, if observed in adult patients, would indicate 
an extensive differential diagnosis (peptic ulcer disease, mal- 
absorption, inflammatory bowel disease, gastric or colon car- 
cinoma). However, these symptoms, if prolonged, are ex- 
tremely unusual in children and should alert the physician to 
the possibility of a gastrointestinal lymphoma. Symptoms are 
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10 (59) 
2 (50) 
36 (80) 


11 (52) 
2 (40) 4 
44 (76) 45 


often due to an ileocecal intussusception led by a lymphoma- 
tous intraluminal mass, present in 39% of patients with dis- 
ease in this region. The presence of intussusception in a child 
older than 2 years, documented by barium enema, should 
prompt consideration of the possibility of ileoceeal lympho- 
ma. When an intussusception is reduced by barium enema in 
an older child, there should be careful evaluation to rule out an 
associated lesion of the bowel. This study should include 
reevaluation of the barium enema, computed tomography, 
and even consideration for laparotomy. 

All 14 patients who died succumbed within 10 months, 
which is characteristic of diffuse NHL of childhood.**” Mor- 
tality is known to be strongly correlated with stage of disease 
at diagnosis and treatment.” This series illustrates the 
importance of these prognostic factors. Survival of our pa- 
tients with stage II disease was 97%, compared with only 53% 
in patients with stage III tumor. In accord with previous 
studies,*” this report showed lack of prognostic significance 
of age and sex as well as the histologic type of the lymphoma. 

If the diagnosis of abdominal lymphoma is considered prior 
to laparotomy, a bone marrow examination should be part of 
the preoperative evaluation to rule out disseminated lympho- 
ma. However, most intestinal lymphomas are diagnosed at 
the time of surgery, and the bone marrow examination is used 
to complete the staging of the tumor. 

Appropriate surgical management of gastrointestinal 
NHL of childhood depends on the stage of disease at presenta- 
tion. Bulky abdominal primary tumors, whether stage III 
intestinal or extraintestinal in origin, are usually rapidly 
growing, and complete resection rarely can be accom- 
plished.*”* Aggressive debulking has been advocated prior to 
beginning chemotherapy but is not of proved value with the 
possible exception of Burkitt’s tumors, where greater than 
90% resection of the mass is accomplished.” Thirteen (50%) 
of 26 patients in this series with stage III intestinal lympho- 
mas survived, and 21 (83%) of 64 with retroperitoneal or 
mesenteric primary lesions survived during this same period, 
with no improvement in those with attempted radical 
debulking. 

Surgical treatment in localized disease is controversial. 
Some authors emphasize the need to resect as completely as 
possible,” whereas others downplay the importance of 
surgical intervention with the advent of increasingly success- 
ful combined-modality therapy.” With findings of resectable 
disease, it is critical to fully explore the abdomen for evidence 
of metastatic sites that, if positive, would alter further treat- 
ment. Full evaluation includes the proximal mesenteric 
lymph nodes, liver, and para-aortic lymphatics. Even if com- 
plete resection is performed, surgery alone is insufficient 
therapy for children with NHL, and further treatment with 
systemic chemotherapy should be given.*” 

With current protocols, if the localized disease is complete- 
ly removed surgically, current data suggest that the risk of 
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bleeding and perforation at the site of residual tumor is de- 
creased.” With complete gross resection (stage II), there also 
can be a reduction in the duration and intensity of the chemo- 
therapeutic regimen without sacrificing survival.‘ This mini- 
mizes the possibility of early and late complications of cura- 
tive therapy, such as prolonged myelosuppression, growth 
failure, sterility, cardiomyopathy, and second neoplasms.” 
Improved survival in gastrointestinal NHL of childhood is 
being realized with continued advances in the therapeutic 
modalities as shown by a lower mortality rate in the recently 
treated series of patients. In a review of 40 patients from 1930 
to 1965 by Jenkin et al,’ there was a 23% survival, including 6 
(33%) of 18 with localized disease treated by complete resec- 
tion and abdominal irradiation. In a similar review of 40 
patients from 1948 to 1974 by Nelson et al,“ there was a 40% 
survival rate with localized resectable intestinal NHL, in- 
cluding 8 (73%) of 11 patients surviving after resection and 
irradiation with or without chemotherapy. Our series of 58 
patients had an overall survival of 76%, with 80% survival 
after initiation of standardized protocols, including chemo- 
therapy with or without irradiation. All 24 children who 
underwent complete resection during this latter period sur- 
vived. This improved survival over time confirms the im- 





proved efficacy of the modern chemotherapeutic regimens for 
all children, including those with localized disease. 

In patients presenting with localized disease, complete 
gross resection followed by combined treatment resulted in 
97% overall survival, including 100% of those treated since 
1977. Conversely, partial resection or biopsy produced sur- 
vival in only 50% of patients, including 57% treated with more 
modern therapy (Table 2). 

Therefore, despite impressive advances in medical man- 
agement, full surgical resection in localized disease is indi- 
cated. It resolves the acute abdominal problems, such as 
obstruction or intussusception, and establishes accurately the 
diagnosis, histologic type, and extent of disease. It also pre- 
vents late complications of bleeding and perforation and de- 
creases the required chemotherapy and the need for irradia- 
tion with its associated morbidity. As shown, the survival 
difference in respect to surgical management underscores the 
fact that complete resection is an important component of the 
treatment of localized gastrointestinal NHL of childhood and 
should, therefore, be performed whenever feasible. 

This work was supported by grants CA20180 and CA21765 from the National 
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Invited Commentary 


This report represents one of the largest series of pediatric 
patients with NHL of the gastrointestinal tract yet published. As 
expected, different forms of therapy were used but most were 
modern methods, so the information is therefore current and 
useful to the reader. The study is particularly valuable because it 
provides information on long-term follow-up, which permits a test 
of the question regarding the role of surgical resection in intestinal 


NHL of childhood. Several important points were brought out. 
One half of the patients presented with intussusception, all in 
the distal ileal or ileocecal areas. The average age was 10 years, so 
the diagnosis should have been suspected. This series clearly 
points out the pediatric predisposition for ileocecal involvement, 
in contrast to adults in whom gastric sites are more common. The 


authors did not stress the use of diagnostic ultrasound in older 


children with suspected intussusception, but an associated mass 
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may be found using this technique. It should also be mentioned 
that bone marrow aspiration is helpful in diagnosis and staging. 

The question about whether complete surgical resection is help- 
ful for such patients has been controversial; some have said that 
biopsy, irradiation, and chemotherapy are sufficient. This report 
clearly shows that, whenever possible, complete surgical resec- 
tion both improves survival and diminishes complications such as 
perforation. This is a valuable observation. 

This is an excellent overall review of childhood NHL of the 
alimentary tract, and the 75% overall survival is excellent. 


JAMES A. O’NEILL, JR, MD 
Philadelphia, Pa 
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The Genetic Bases of Cancer 


Lucy Wortham James Lecture 


Robert A. Weinberg, PhD _ 
è The past three decades have witnessed enormous progress 
made in our understanding of the pathogenesis of cancer. Re- 
search results of the previous decades had indicated that a 
variety of agents, the carcinogens, could induce cancer in experi- 
mental animals. By extension, similarly acting agents were pre- 
sumed to intervene in human cancer. Beyond this, the precise 
nature of the pathogenetic mechanisms underlying human ma- 
lignancies remained obscure. In these last decades, the origins 
of cancer have been uncovered: specific genes and biochemical 
mechanisms are now known to drive the process of neoplasia. 
(Arch Surg. 1990;125:257-260) 


A” important advance came from observations made in 
the early 1960s that certain DNA tumor viruses, namely 
simian virus 40 and polyomavirus, could induce the malignant 
transformation of cells that they had infected.’ Analogous 
work on Rous sarcoma virus, an RNA tumor virus, yielded 
the same result.” The importance of these observations was 
not in identifying possible causative agents of human disease; 
only a small proportion of the malignancies encountered in 
this country are triggered by viral agents. Instead, the salient 
conclusions of this work concerned the molecular mechanisms 
of malignant transformation. Stated simply, these experi- 
ments showed that a small amount of genetic information 
carried by these viruses could succeed in redirecting the 
complex metabolism of a cell, forcing it from its normal mode 
into a state characteristic of malignant cells. This established 
the principle that genes can act as central controllers orches- 
trating the malignant conversion of a cell. Moreover, the 
number of genes and the amount of associated genetic infor- 
mation was small compared with the complex genetic appara- 
tus ofthe host cell. Indeed, the cancer-inducing genes of these 
viruses carry about one-millionth of the genetic information 
present in the host cell genome. 

These virus-associated transforming genes came to be 
called “oncogenes.” The relevance of these to clinical cancer 
remained suspect, however, since, as mentioned above, most 
tumors do not seem to be triggered by viral infections. Could 
similarly acting oncogenes also be involved in nonviral can- 
cer? A breakthrough came in 1976 in the course of studies of 
Rous sarcoma virus and its associated oncogene termed src. 
Detailed analysis of the src gene revealed that it was not 
really a viral gene at all. It was, instead, of host cell origin and 
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had been abstracted from the host genome by an ancestor of 
the Rous virus.* This kidnapping of a host cell gene by the 
virus through a process termed transduction enabled the 
virus to exploit a foreign gene for its own purposes, which, in 
this case, involved the transformation of chicken cells. 

More important than these revelations about virus physiol- 
ogy were certain implications about the host cell genome that 
served as the source of this viral oncogene. This cell genome 
clearly contained a gene with latent transforming potential 
that could be unmasked through the genetic changes pro- 
voked by the viral genome. Extending this theme, some 
speculated that the cellular genome contains a series of genes 
(termed proto-oncogenes) that can become activated follow- 
ing transduction by one or another tumor virus. In the follow- 
ing years, other tumor viruses belonging to the retrovirus 
family were found to carry a number of distinct oncogenes, 
each of which could be traced to one or another normal cellular 
proto-oncogene. * 


NONVIRAL ONCOGENES 


Nonetheless, all this still seemed to show little about the 
pathogenesis of the nonviral cancers encountered in the clinic. 
Could these same proto-oncogenes, discovered by virtue of 
their alliances with retroviruses, also become activated by 
nonviral mechanisms, such as the genetic alterations of the 
cell genome induced by chemical carcinogens? Such evidence 
first came to light in 1979. Transfer of genes from chemically 
transformed mouse tumor cells into nontumorigenic recipient 
cells resulted in the malignant transformation of the latter.’ 
Similar results were soon observed with DNAs of human 
tumor cells.° This showed that tumor DNAs indeed carry 
genes that somehow direct the cell to grow in a malignant 
fashion. The similarity of the genetic endowment of chemical- 
ly induced animal tumors and spontaneously arising human 
tumors strengthened the analogy between the two types of 
tumors; moreover, it persuaded many that such experimen- 
tally induced tumors represent a good model of human 
disease. 

Within several years, these hitherto mysterious cancer 
genes had been isolated by molecular cloning.’ An important 
insight was gained from detailed molecular characterization 
of the initially isolated human oncogene derived from a blad- 
der carcinoma cell line. It was found to be closely related to a 
gene present in all normal human cells. As expected, this 
bladder carcinoma oncogene gave no signs of having been 
activated or altered by a viral genome. Instead, detailed 
structural analysis showed that it was a slightly altered ver- 
sion of its normal cellular counterpart. The difference be- 
tween the two genes, each 6000 DNA bases long, was very 
subtle—a single base change was responsible for converting 
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the normal gene into a virulent oncogene.* 

The difference between this oncogene and its normal ante- 
cedent, though slight, was critical in attempting to under- 
stand the molecular origins of this tumor and, by extension, 
the origins of countless other human tumors that have pro- 
ceeded down similar paths in the course of their evolution 
from normalcy to full-blown malignancy. It appeared that an 
ancestor of the bladder tumor cells residing somewhere in the 
urothelium had sustained a critical alteration in one of its 
proto-oncogenes—a somatic mutation—that conferred on 
this cell and its descendants a substantial growth advantage. 
This advantage derived directly from the growth-stimulating 
effects of the mutant gene that pushes the cell into neoplastic 
growth. 

None of this work directly addressed the biochemical mech- 
anisms that enable this small gene to orchestrate a massive 
shift in cell phenotype. One clue came from the revelation that 
this bladder carcinoma oncogene was closely related to one of 
the oncogenes identified previously by virtue of its associa- 
tion with a retrovirus, namely, Harvey sarcoma virus.” The 
viral oncogene, termed Ha-ras, was known to encode a 
21000 d molecular weight protein that is responsible for 
redirecting the growth patterns of the cell. The mutation 
known to activate the oncogene in the bladder carcinoma cells 
was found to affect the structure of this protein." It seemed 
that the normal version of this p21 protein found in cells 
mediates some aspect of the signal transduction regulating 
normal cellular proliferation. In contrast, the structurally 
altered protein seen in the tumor cell was apparently en- 
dowed with aberrant growth-inducing powers that elicit the 
malignant phenotypes of the tumor cell. 

Parenthetically, I note that virtually identical p21 proteins 
and ras genes have been found in the cells of all metazoa and 
even in primitive organisms such as yeast. It would appear 
that these ras genes were developed early in the evolution of 
eukaryotic cells and have been retained in almost unaltered 
form for more than a billion years. The involvement of these 
genes in triggering cancer, now well-documented in hundreds 
of tumor samples, is a consequence of rare, randomly occur- 
ring mutations that subvert their normal functioning. 

All this focuses attention on the mechanisms of action of the 
aberrant p21 ras oncogene protein and other similarly acting 
oncogene proteins. With rare exception, we do not under- 
stand how they are able to alter profoundly the biochemistry 
of the cell. It is presumed by many that these oncogene 
proteins act to deregulate the levels of certain intracellular 
hormones, so-called second messenger molecules, and that 
these low molecular weight compounds in turn elicit the wide 
variety of changes that accompany transformation of normal 
into malignant cells. Such oncoproteins represent tempting 
targets for those who would develop new types of chemother- 
apeutic compounds, designed using rational molecular crite- 
ria rather than the empirical, random searches that have led 
to existing anticancer drugs. 


ONCOGENES AND MULTISTEP TUMORIGENESIS 


In more recent years, it became apparent that the scheme 
of carcinogenesis suggested above is, at best, oversimplified. 
The formation of a tumor is known to be a complex multistep 
process, ostensibly involving a succession of genetic changes 
affecting the evolving tumor cell population. The above-men- 
tioned “point-mutation” that created a ras oncogene can rep- 
resent only one step in the process, and accordingly can only 
direct a partial conversion of a normal cell into one that is fully 
malignant. This notion has been verified directly by insertion 
of ras oncogenes into fully normal embryo cells. These cells 
undergo only partial conversion to malignancy in response to 
the ras oncogene. As later work showed, the ras oncogene 
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requires the collaboration of other oncogenes to effect full 
malignant transformation. Thus, an oncogene like myc collab- 
orates nicely with ras to achieve this end result. ™” 

This collaboration between ras and myc oncogenes yields a 
number of useful insights.” The two oncogenes elicit a comple- 
mentary set of changes in cell behavior. For example, the ras 
oncogene can induce the rounding-up of cells and loss of 
dependence on substrate adherence for growth. By contrast, 
the myc gene is effective as animmortalizing gene, conferring 
on cells an inability to replicate indefinitely in culture. When 
these changes occur together in the same cell, a tumor cell 
clone emerges from the cell’s descendants. This suggests that 
a single oncogene is only able to deregulate a subset of the 
cell’s growth regulatory circuits, and that two or more onco- 
genes must intervene for an incipient tumor cell to become 
truly autonomous in its growth. 

In the last few years, we have begun to realize that onco- 
genes can represent only part of the genetic elements that 
intervene in tumorigenesis. This insight has come from two 
lines of logic. It is well known that certain types of cancer run 
in families. These familial cancers and the underlying genes 
are not explained by the existence of oncogenes. The latter 
become activated through somatic mutations that alter genes 
in one or another target organ during one’s lifetime. Familial 
cancers, by contrast, must be triggered by genes that exist in 
mutant form in germ cells and are thus already present as 
mutant alleles in the conceptus. The oncogene model does not 
address the existence of these germline determinants of tu- 
mor susceptibility. 

The oncogene paradigm proves inadequate in a second 
respect. Oncogenes all act as growth agonists as do many of 
the antecedent proto-oncogenes. However, cells may also 
carry an equally large repertoire of growth-regulatory genes 
that function in a countervailing fashion to constrain or antag- 
onize growth. Such growth-suppressing genes might also 
participate in cancer when they are lost or inactivated by 
certain types of mutations. Inactivations of these genes could 
lead to cancer by removing barriers that normally act to 
prevent the cell from growing uncontrollably. Here again, 
oncogenes fall short of providing a complete explanation of 
cancer. 


GROWTH-SUPPRESSING GENES 


Several of these limitations in the oncogene model of cancer 
are addressed by a class of genes that has come to light in 
recent years through a series of indirect genetic analyses. 
This body of work provides compelling evidence that the 
process of tumorigenesis is often accompanied, indeed driven, 
by the loss of critical growth regulatory genes. These genes 
have been called “antioncogenes,” “tumor suppressor genes,” 
“emerogenes,” and “growth-suppressing genes.” The last of 
these terms would seem most appropriate, as it most closely 
reflects the apparent role of these genes within the normal 
cell. 

One revelation about these negatively acting genes came 
from a corpus of work, now almost two decades old, that 
describes the behavior of tumor cells after they become fused 
with normal cells. Such cell fusion, achieved in the laboratory 
through the processes termed somatic cell hybridization, 
results in hybrid cells whose genetic makeup derives from 
both parental cell types. These tumor/normal cell hybrids 
almost always lack an ability to form tumors.” This leads to 
the conclusion that genes initially present in the normal par- 
ent cell are able to impose normal growth control on the 
hitherto malignant partner. These growth normalizing genes 
would, one concludes, represent elements of the normal ge- 
netic repertoire that were lost from the malignant cell during 
its evolution from normalcy to neoplasia. 
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Careful study of the karyotype of these hybrid cells has 
shown that the tumor-suppressing gene(s) donated by the 
normal parent is often traceable to the presence of one or 
another chromosome present in the hybrid cell. Because of 
the karyotypic instability of the initially tetraploid hybrid 
cell, many chromosomes are shed during subsequent cell 
generations. Loss of specific chromosomes originating from 
the normal parent cell is often accompanied by reversion of 
the cell once again to a tumorigenic state. For example, the 
growth-normalizing effects imposed on Wilms’ tumor cells 
and HeLa cells (a line of cervical carcinoma cells) are associat- 
ed with the presence and retention of at least one copy of a 
normal chromosome 11.” By implication, this chromosome 
carries a gene or genes that were critical in constraining the 
growth of the progenitors of these tumor cells. 


THE RET ROBLASTOMA MODEL 


Study of several unusual tumors has also added substantial- 
ly to our insights on growth-suppressing genes as well as 
genes conferring inborn susceptibility to malignancy. Nota- 
ble among these malignant neoplasms is retinoblastoma, a 
tumor that is exceedingly rare—being seen in only 1 in 20 000 
children. However, this tumor has striking and unusual prop- 
erties. Thus, retinoblastomas are often seen to run in families. 
The tumor occurs only in young children up to the age of 5 
years; the retina would seem to present a fertile field for 
tumorigenesis only up to this age. Children cured of retinob- 
lastoma through enucleation or radiation grow to adulthood 
and with substantial frequency have offspring, half of whom 
in turn contract this otherwise extremely rare malignant 
neoplasm. 

In retinoblastomas, genetic loss would appear once again to 
play an important role in tumor formation. This is made most 
apparent by karyologic analysis of retinoblastoma tumor 
cells, which on occasion reveals specific interstitial deletions 
present on chromosome 13.” Although each detected deletion 
is distinct from those seen in other tumors, all would seem to 
converge on the ql4 band of chromosome 13. This would 
suggest that loss of a specific chromosome 13-associated gene 
underlies formation of this particular type of tumor. 

In reality, the process of retinoblastoma tumor formation is 
more complex than would be suggested by the above observa- 
tions. As Alfred Knudson” first postulated, these tumors 
behave as if two distinct genetic alterations are required for a 
tumor cell clone to erupt into malignant growth. In making his 
arguments, Knudson distinguished between two types of 
retinoblastoma, termed familial and sporadic. He argued 
that children with familial tumors carry one of the required 
mutations from the moment of conception, and sustain the 
second mutation somatically in one of the cells of the target 
organ. In contrast, he suggested that in sporadic retinoblas- 
toma, which is seen in children with no apparent familial 
predisposition, both of the essential mutations occur somati- 
cally within one or another target cells in the retina. 

We now realize that both of these mutations involve chro- 
mosome 13 genes, specifically the two copies of 13q14—asso- 
ciated gene whose importance was first suspected on the basis 
of karyologic analysis. The two necessary mutations are re- 
quired to knock out both copies of this gene present on the 
paired chromosomes 18 present in every cell. The apparent 
requirement for inactivation of both gene copies implies that 
either copy of this gene, termed Rb, can suffice to direct 
normal growth behavior in a cell. Thus, children who are born 
into the world with one intact and one defective copy of the Rb 
gene develop normally. However, when the surviving Rb 
gene copy is lost in one of their retinal cells, then this doubly 
defective cell begins the deregulated growth that soon 
spawns a tumor clone. — 
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THE Rb GENE 


Three years ago, the Rb gene was isolated by the process of 
molecular cloning.” Because of this advance, the arguments 
about its role in tumorigenesis need no longer be based exclu- 
sively on indirect types of genetic analysis. As predicted, the 
copies of this gene isolated from retinal tumors are frequently 
affected by alterations in structure. Rb is a massive gene, 
encompassing approximately 190 000 pairs of DNA on chro- 
mosome 13, and substantial portions of this gene are found to 
be missing in many retinoblastoma cells. However, subtle 
changes in Rb gene structure appear equally effective in 
knocking out its function; we have recently found point muta- 
tions affecting single base pairs that appear equally effective 
in Rb gene inactivation, in these cases, acting via their ability 
to affect the posttranscriptional processing (ie, splicing) of the 
Rb messenger RNA precursor.” 

Like virtually all other genes, the Rb gene exerts its effects 
on cell behavior through the actions of an encoded protein. 
The Rb protein, of a mass of 105 kd, is found in the nucleus of 
the cell where it presumably acts as a regulator of the expres- 
sion of other genes.” More precise insights into how it may act 
to regulate such genes and thus act as a governor of cell 
growth are still lacking. These questions can be addressed 
with great precision over the coming years. 

One might speculate that the Rb-encoded protein normally 
acts to repress cell growth by shutting down the expression of 
certain critical cellular genes. When growth-stimulatory sig- 
nals (eg, mitogenic growth factors) impinge on the cell, the 
growth-suppressing activities of this protein are reversed, 
allowing the cell to begin growth. In cells deprived of the Rb 
protein because of genetic inactivation of the Rb gene, the cell 
proliferation may proceed continuously, even in the absence 
of stimulation by mitogenic growth factors. 

Within the past 2 years, the Rb gene and encoded protein 
have been shown to be involved in more than just retinoblas- 
tomas. Children who survive familial retinoblastomas early in 
life sustain sarcomas with high frequency later on.” In fact, 
the Rb gene has been seen in altered form not only in such 
sarcomas but also in a number of sarcomas arising in individ- 
uals having no history of eye tumors.” The rate of Rb alter- 
ation in such osteosarcomas and soft-tissue sarcomas is so 
high as to suggest that most of these tumors stem from 
somatic loss of Rb gene copies. A similar conclusion implicat- 
ing somatic loss of Rb gene copies comes from studies of small 
cell lung carcinomas, almost all of which carry this lesion.” 
Moreover, about one third of bladder carcinomas have Rb 
alterations.” These results are puzzling, since children born 
with defective Rb alleles do not seem to be predisposed to 
small cell lung carcinomas or bladder tumors. 


THE Rb PROTEIN AND DNA TUMOR VIRUSES 


Yet another involvement of the Rb protein in tumorigene- 
sis came to light last summer when it was revealed that the 
proteins encoded by three different viral oncogenes are com- 
plexed with the Rb protein in virus-transformed cells.” The 
initial observation concerned human adenovirus type 5, 
whose E1A oncogene contributes to the malignant transfor- 
mation of rodent cells infected by this virus. The adenovirus 
E1A oncogene protein is seen to be tightly bound to the p105- 
Rb protein in these transformed cells.” Analogously, the 
monkey virus SV40 specifies a “large T” oncogene that also 
can induce transformation in infected rodent cells; it too is 
seen to be complexed with the Rb protein of the infected, 
transformed host cell.” Finally, the human papilloma virus 
type 16 uses an oncogene termed E? to transform cells; the 
encoded viral oncoprotein also has strong affinity for the Rb 
protein.” Significantly, this virus and its oncoproteins are 
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implicated as important agents causing human cervical 
carcinoma. 

It would seem that these viruses have evolved an ability to 
transform infected cells by synthesizing oncoproteins that 
seek out and complex with the host cell’s Rb protein. These 
viral oncoproteins may be able to inactivate or neutralize the 
functioning of the Rb protein, in effect removing it from 
cellular metabolism and thereby mimicking the effects of 
genetic inactivation of the Rb gene. Viewed from this per- 
spective, the Rb protein would seem to be a centrally impor- 
tant regulator of cell growth whose activities may be per- 
turbed by a number of distinct carcinogenic mechanisms. 

Granting the rich insight provided by study of the Rb gene, 
it must be said that this particular gene stands as only one 
member of a potentially large class of analogously acting 
genes, each one of which is involved on a tissue-specific basis 
in the origin of one or another type of human malignant 
neoplasm.” Genetic analyses of a variety of tumors have 
already indicated that the homozygous inactivation of specific 
genes frequently accompanies the formation of acoustic neu- 


romas, colon, lung, and mammary carcinomas, Wilms’ tu- 
mors, and several unusual types of neoplasias. One antici- 
pates that several of these will be isolated as molecular clones 
in the next several years. With such gene cloning will come 
abundant new insights into the molecular/genetic mecha- 
nisms underlying neoplasia. 

Since the loss of genetic information through gene inactiva- 
tion is achieved far more readily than hyperactivation of gene 
function, it would seem that the inactivation of growth sup- 
pressor genes may be as important in human cancer as the 
activation of oncogenes. It is likely that many tumor cell 
genomes will be found to contain both activated oncogenes 
and inactivated growth suppressor genes, and that these two 
types of genetic change conspire to create the tumor cell 
phenotypes encountered in the clinic. Within the next decade, 
we have the prospect of fully understanding the workings of 
these two types of genes and, with this, of gaining a complete 
understanding of the molecular mechanisms that trigger 
cancer. 
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CORRECTION 


Incorrect Legend.—In the article entitled “Improving Diagnosis of Appendicitis: Early Autolo- 
gous Leukocyte Scanning,” published in the October 1989 issue of the ARCHIVES (1989;124:1146- 


1152), images were incorrectly matched with diagnoses in the legend to Fig 2 on page 1149. The legend 
should have read as follows: Fig 2.—Early autologous leukocyte scanning images of other diagnoses. 
Top left, Colitis. Top right, Primary bacterial peritonitis. Bottom left, Pelvic inflammatory disease. 


Bottom right, Diverticulitis. 
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Original Articles- 


Predictive Factors for Bactibilia 


in Acute Cholecystitis 


Jesse E. Thompson, Jr, MD; Robert S. Bennion, MD; Jeffery E. Doty, MD; Elvira L. Muller, MD; Henry A. Pitt, MD 


è Acute cholecystitis is well established as one of the high-risk 
factors bactibilia and wound infection. However, many patients 
with acute cholecystitis do not have bactibilia. Therefore, we 
analyzed 20 clinical and laboratory parameters in 49 patients with 
acute cholecystitis to determine which factor(s) predicted bacti- 
bilia. Twenty-one (42.9%) of 49 patients with pathologically 
proved acute cholecystitis had positive bile and/or gallbladder 
wall cultures. Univariate analysis suggested that a preoperative 
temperature greater than 37.3°C, a total serum bilirubin level 
greater than 8.6 pmol/L, and a white blood cell count greater than 
14.1 x 10°/L were the best predictors of bactibilia. Multifactorial 
analysis demonstrated that the 17 patients with zero or one 
predictive factor had a significantly lower chance of having bacti- 
bilia than the 32 patients with two or three predictive factors (6% 
vs 63%). We concluded that the culture status of patients with 
acute cholecystitis can be predicted preoperatively. We propose 
that patients with acute cholecystitis and zero or one of the 
predictive factors receive a single preoperative antibiotic dose. 
In patients with two or three predictive factors, antibiotics should 
be continued until culture data are available. 

(Arch Surg. 1990;125:261-264) 


ve cholecystitis is well established as one of the high- 
risk factors for bactibilia and postoperative infectious 
complications in patients who are undergoing biliary tract 
surgery. However, in many reports, only approximately 
half of the patients with acute cholecystitis had positive bile 
cultures. As a result, the risk of infection is greatly reduced in 
those patients with negative bile cultures. Thus, acute chole- 
cystitis is not a uniform disease, as not all patients have a 
bacteriologic component. 

Most authorities agree that antibiotics should be adminis- 
tered preoperatively to patients with acute cholecystitis and 
continued postoperatively until the signs of infection have 
subsided. This extended therapy in patients with sterile bile 
seems to be unwarranted and is not cost-effective. Therefore, 
the following analysis of patients with acute cholecystitis was 
undertaken (1) to elucidate the differences, if any, between 
those patients with and without bactibilia and (2) to use these 
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differences to formulate a method to predict reliably the 
culture status preoperatively. With this information, it was 
anticipated that a more rational approach to antibiotic man- 
agement could be developed. 


PATIENTS AND METHODS 


This analysis is based on a prospective series of patients with acute 
cholecystitis who were treated at the UCLA Medical Center, Los 
Angeles, Sepulveda (Calif) Veterans Administration Medical Center, 
and Olive View Medical Center, Sylmar, Calif, during a 20-month 
period. Each patient had a typical history and physical findings for 
acute cholecystitis, as well as either a fever, hypothermia, and/or 
leukocytosis. An abnormal iminodiacetic cholescintigraphic scan or 
ultrasonic sean, or both, confirmed the diagnosis in each patient. 
Patients with gallstone pancreatitis and/or common bile duct stones 
were specifically excluded from this study. Moreover, the diagnosis 
of acute cholecystitis was verified by pathologic examination findings 
of the gallbladder. Patients were excluded if inflammatory cells and 
other signs of acute cholecystitis were not present on microscopic 
examination. 

On making the clinical diagnosis of acute cholecystitis, blood was 
obtained for culture and routine laboratory analysis. Therapy was 
started with intravenous piperacillin sodium, ampicillin sodium plus 
tobramycin sulfate, or cefoperazone sodium for each patient accord- 
ing toa randomized protocol.’ These patients with acute cholecystitis 
were derived from a larger group of prospectively assembled patients 
with acute biliary infections. Each patient received a minimum of 5 
days of parenteral antibiotics. Decisions regarding the timing of 
operations were left to the discretion of the attending surgeon, but all 
patients underwent surgery during the initial hospitalization. 

At operation, both aerobic and anaerobic cultures of the bile were 
obtained by direct puncture of the gallbladder. Following removal of 
the gallbladder, a portion of the wall of approximately 1 cm” also was 
procured for culture. These specimens were transported in anaerobic 
transport media (Anaerobic Systems, Santa Clara, Calif) to the mi- 
crobiology laboratory at the UCLA Medical Center. Bile, blood, and 
specimens that were taken from postoperative wounds were cultured 
by using standard bacteriologic methods. Wounds that drained puru- 
lent material from which bacteria were isolated were considered to be 
infected. 

Twenty clinical and laboratory parameters were correlated with 
bactibilia. Clinical factors included age, sex, fever, chills, nausea, 
vomiting, jaundice, septic shock, length of symptoms, and admission 
temperature. Laboratory data included the hemoglobin level, white 
blood cell (WBC) count, prothrombin and partial thromboplastin 
times, and serum levels of total bilirubin, alkaline phosphatase, ala- 
nine and aspartate aminotransferases, albumin, and creatinine. 

Statistical analysis of the data was performed by using the x” test, 
Student’s two-tailed t test, and Fisher’s Exact Test, where appro- 
priate. 
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% of Positive Bile Cultures 


Days of Symptoms 
Fig 1.—Incidence of bactibilia per length of preoperative symptoms. 


RESULTS 


Forty-nine patients with pathologically proved acute chole- 
cystitis were studied. In this series, 19 patients were men, 
and 30 were women. The mean age was 45.2 years (age range, 
19 to 74 years). Thirteen patients were treated with ampicillin 
plus tobramycin, 17 with piperacillin, and 19 with cefopera- 
zone. In 21 patients (42.9%), bile or gallbladder wall cultures 
were positive for bacteria, while in the remaining 28 patients, 
there was no growth. There was no significant difference in 
the incidence of bactibilia among any of the three different 
antibiotic treatment regimens that were used. In addition, 
there were no differences noted between the length of preop- 
erative antibiotic treatment and the incidence of bactibilia in 
any of the antibiotic groups. The following bacteria were 
isolated from the bile in the 21 patients with bactibilia: 


Bacteria No. 
Escherichia coli 
Klebsiella species 
Enterococcus 
Streptococcal species 
Enterobacter species 
Clostridia species 
Others 


The mean age of the patients in the two groups was similar, 
ie, 46.4 years for patients with and 44.8 years for those 
without bactibilia. Likewise, the sex distribution between the 
two groups also was similar, ie, 66% females in those with and 
61% females in those without bactibilia. In addition, 11 pa- 
tients with bactibilia (53%) were found to have associated 
illnesses (type II diabetes mellitus [n=5], hypertension 
[n=4], and atherosclerotic cardiovascular disease [n=2)). 
These figures were not significantly different from the 11 
patients (39%) among those without bactibilia who also had 
associated illnesses (type II diabetes mellitus [n=3], hyper- 
tension [n =3], atherosclerotic cardiovascular disease [n = 4], 
and chronic obstructive pulmonary disease [n = 1]). 

More patients with bactibilia reported episodes of fever and 
chills (17 vs 11, x*=8.5 and P<.005) or jaundice (6 vs 2, 
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Table 1.—High- and Low-Risk Values for Bactibilia 
for Each Critical Factor 


Value 
eima 


Factor* Low Risk High Risk 
Temperature, °C <37.3 >37.3 


Serum bilirubin level, pmol/L =8.6 >8.6 
WBC count x 10°/L =14.1 >14.1 


*WBC indicates white blood cell. 


x =4.18, and P<.05). Eighteen of the patients with bactibilia 
(87%) related a preadmission history of nausea and vomiting 
that was not significantly different from the 22 patients (78%) 
without bactibilia. The mean number of days of symptoms 
before admission to the hospital was shorter in the patients 
with bactibilia (1.86 vs 4.11 days), but two major outlier 
values in patients without bactibilia skewed this mean. 
Therefore, this difference was not significantly different. 

The mean admitting temperature in the patients with bacti- 
bilia was significantly greater than the mean temperature in 
the patients with negative cultures (38.3°C vs 37.5°C, t= 2.07, 
and P<.05). Likewise, the mean admitting WBC count in the 
patients with bactibilia was also significantly greater than the 
mean WBC count in the patients without bactibilia 
(15.2 x 10°/L vs 12.6 x 10°/L, t=2.06, and P<.05). The mean 
admission serum bilirubin level in the patients with bactibilia 
was also greater than that in the patients without bactibilia 
(19.5 vs 18.7 pmol/L), but this difference was not statistically 
significant. No differences in all the other laboratory parame- 
ters were noted between the two groups. 

More of the patients with bactibilia failed to improve with 
initial therapy and subsequently required an urgent opera- 
tion (19% vs 3.6%). The incidence of bactibilia as a function of 
the length of preoperative symptoms is shown in Fig 1. No 
significant differences were apparent. Microscopic examina- 
tion of the gallbladder specimens revealed that a greater 
percentage of the patients with bactibilia had extensive ne- 
crosis than those without bactibilia (57.1% vs 14.3%, x’ =6.71, 
and P<.01). Moreover, all three of the relevant postoperative 
infectious complications occurred in the patients with bactibi- 
lia (septic shock, wound infections, and drain site abscesses). 
The only infectious complication that occurred among the 
patients without bactibilia was a mild case of pneumonitis. 

The data were analyzed further to determine what tem- 
perature, bilirubin level, and WBC count might predict the 
culture status in patients with acute cholecystitis. For each of 
these three individual factors, a cutoff value was chosen that 
gave the largest statistical demarcation between patients 
with and without bactibilia. For each critical factor, patients 
with values above the cutoff value were considered to be at 
high risk for bactibilia for that particular factor (Table 1 and 
Fig 2). 

Although no one factor was independently predictive of 
bactibilia, the combinations of factors did have a predictive 
value. All 10 patients at high risk for all three factors had 
positive bile cultures, whereas 16 of 17 patients at high risk 
for zero or one factors had negative cultures (Table 2). The 
remaining 22 patients at high risk for two factors were in an 
intermediate position, as 10 of these patients had bactibilia. 
The combination of these observations revealed that the 17 
patients with zero or one predictive factors had a significantly 
lower chance of having bactibilia than the 32 patients with two 
or three predictive factors (6% vs 63%, x° = 12.4, and P<.001 
(Table 2]). 


Bactibilia— Thompson et al 


WBC Count x 10°/L 


Temperature, °C 


Fig 2.—Plot of white blood cell (WBC) count vs temperature for 
patients with serum bilirubin levels greater than 8.66 pmol/L. Closed 
circles represent patients with bactibilia; open circles, patients without 
bactibilia. 


COMMENT 


The factors associated with an increased risk of positive bile 
cultures in patients who are undergoing surgery for biliary 
tract disease include advanced age, diabetes mellitus, jaun- 
dice, choledocholithiasis, acute cholecystitis, and emergency 
surgery.'**’ Prior studies of patients with acute cholecystitis 
have reported an incidence of bactibilia between 35% and 
65%.'* The 42.9% incidence of bactibilia in the present study, 
while on the lower end of this spectrum, possibly reflects the 
relatively young age of our study population and the exclusion 
of patients with common bile duct stones. The results of this 
study suggest that significant clinical differences exist be- 
tween patients with acute cholecystitis who have bactibilia 
and those who do not, and that these differences are evident 
when the patients present to the hospital. The factors that we 
have identified that most clearly exhibit these differences are 
temperature, the total serum bilirubin level, and the WBC 
count. Interestingly, we were unable to document any influ- 
ence of the length of preoperative antibiotic treatment on the 
presence of bactibilia. 

The pathophysiology of acute calculus cholecystitis begins 
with mechanical obstruction of the cystic duct by an impacted 
stone. The immediate consequence of this obstruction is a 
chemical inflammation with hyperemia and edema of the wall. 
As this process progresses, venous and lymphatic obstruc- 
tions occur, leading eventually to ischemia. Bacteria are pre- 
sent in the bile of 15% to 30% of patients with cholelithiasis 
and chronic cholecystitis.’***”” Therefore, it is reasonable to 
presume that bacteria are present in the gallbladder at the 
earliest stages of this inflammatory process in many patients 
with acute cholecystitis. 

Jarvinen” reported an incidence of bactibilia in 63% of 
patients who underwent operations within 24 hours of the 
onset of acute symptoms. Claesson and associates’ also inves- 
tigated the relationship between bactibilia and the duration of 
cholecystitis. They found that, within 48 hours of the onset of 
symptoms, bile cultures were positive in 81% of their pa- 
tients. Our finding of bactibilia in greater than 40% of patients 
with documented cholecystitis within 72 hours of the onset of 
symptoms further supports the premise that bacteria are 
present in numerous patients during the early phases of acute 
cholecystitis. 

Whether the incidence of bactibilia increases or decreases 
with time after the first 48 hours of symptoms has not been 
completely elucidated.“ A controlled trial has not been 
performed, nor is it likely to be, as too many variables exist 
that are not amenable to such a study. These factors include, 
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Table 2.—Predictive Factors Stratified by Culture Status 


Predictive Factors* 


Culture 2or3 


Positive 20t 
Negative 12 





*Data are given as the number of patients. 
tP<.001 vs zero or one factors. 


among others, the inaccuracy of the exact onset of patient 
symptoms, patient compliance, ethical issues, and cost. Nev- 
ertheless, the evidence, to date, indicates that bactibilia is 
present in numerous patients with acute cholecystitis very 
early after the onset of symptoms. 

In the present series, all three of the pertinent postopera- 
tive infectious complications occurred in patients with bacti- 
bilia. Moreover, more patients with positive bile cultures 
required an urgent operation and had extensive necrosis that 
was demonstrated on microscopic examination. Thus, it ap- 
pears that acute cholecystitis with bactibilia is a more virulent 
form of this disease. Other investigators also have shown an 
increase in postoperative morbidity in patients with 
bactibilia.*” 

Most authorities agree that an early cholecystectomy dur- 
ing the same hospitalization is preferable to a delayed opera- 
tion.” Appropriate treatment for patients with acute chole- 
cystitis and bactibilia should include a full therapeutic course 
of parenteral antibiotics. These antibiotics are best started 
preoperatively and continued postoperatively until the signs 
of infection have subsided. On the other hand, patients with- 
out bactibilia do not need a therapeutic course of antibiotics 
because an infectious component is not part of the illness. In 
addition, the potential drawbacks to the overutilization of 
antibiotics, such as the emergence of resistant strains, drug 
toxicity, and cost, also must be considered. Thus, a reliable 
method to predict those patients with bactibilia before sur- 
gery would seem to be in order. 

In the present study, a solitary preoperative factor that 
accurately identified those patients with bactibilia could not 
be elucidated. Instead, a combination of temperature, the 
total serum bilirubin level, and the WBC count correlated 
best with the culture status. These tests are easy to obtain 
and are part of the examination of any patient with a sus- 
pected acute biliary problem. Bergan and coworkers” also 
observed a correlation between elevated bilirubin and alka- 
line phosphatase levels in patients with infected bile. More- 
over, Claesson et alè showed that bactibilia was associated 
with an elevated preoperative temperature and advanced 
age. The results of these studies confirm our observations 
with respect to the bilirubin level and temperature and sug- 
gest that measurable differences in several preoperative pa- 
rameters exist in patients with acute cholecystitis with and 
without bactibilia. 

Other investigators have proposed a variety of methods to 
predict the culture status in patients with both acute and 
chronic cholecystitis. Nielsen and associates’ reported that 
age older than 60 and a history of attacks of cholecystitis 
predicted most of the patients with bactibilia in a series of 148 
consecutive patients who were undergoing an elective chole- 
cystectomy. Hollands et al” proposed that cystic duct ob- 
struction, ascertained by oral cholecystography, be the crite- 
rion to administer prophylactic antibiotics to patients having 
an elective cholecystectomy. Oral cholecystograms though 
are notoriously inaccurate in determining acute cholecystitis 
and, thus, would not be valuable as a predictor. Cholescinto- 
graphic scans, on the other hand, are too sensitive and specific 
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for cystic duct obstruction in all patients with acute cholecys- 
titis to be beneficial.” 

Reports have been mixed on the usefulness of immediate 
intraoperative Gram’s stains of bile in elucidating the pres- 
ence of bactibilia.™” For those patients who truly have bacti- 
bilia, ascertaining that fact at surgery before administering 
any antibiotics may preclude the attainment of adequate se- 
rum and tissue levels. Although some of the newer antibiotics 
achieve excellent concentrations in bile, the goal of antibiotics 
in treating acute cholecystitis is to achieve adequate blood and 
tissue levels before contamination. 

Since antibiotics are best administered preoperatively, we 
believe that an excellent way to predict bactibilia in patients 
with acute cholecystitis is with easily attainable, reproducible 
preoperative parameters. By using the cutoff levels listed in 
Table 1 (temperature, >387.3°C, serum bilirubin level, 


>8.6 pmol/L, and WBC count, >14.1 x 10°/L), all 10 patients 
with all three values greater than the cutoff level had positive 
bile cultures, whereas 16 of the 17 patients with zero or one 
value above the cutoff level had negative cultures. 

Based on these retrospective data, a prospective trial of 
patients with acute cholecystitis should be conducted to con- 
firm the usefulness of the preoperative prediction of bactibi- 
lia. We propose that patients with acute cholecystitis and zero 
or one predictive factor receive a single dose of preoperative 
antibiotics. Patients with two or three predictive factors 
should have antibiotics continued until culture data are avail- 
able. In the patient with acute cholecystitis with bactibilia, 
antibiotics should be continued for 24 to 48 hours after the 
patient becomes afebrile, and the WBC count returns to 
normal. 
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The ‘Plug’ Repair of 1402 Recurrent 


Inguinal Hernias 


20-Year Experience 


Alex G. Shulman, MD; Parviz K. Amid, MD; Irving L. Lichtenstein, MD 


è Since 1968, we have treated virtually all recurrent inguinal 
hernias by suturing a polypropylene mesh plug into the defect. 
Treatment of recurrent inguinal hernias by the usual standard 
methods results in a high rate of failure. This is due to reapproxi- 
mation under tension of already scarred tissues. The plug is 
designed to occlude the hernial defect without tension. Several 
improvements in technique based on extensive experience with 
this method have been developed. Such repairs result in minimal 
postoperative discomfort and rapid rehabilitation. This report is 
based on 1402 operations, with a follow-up of 91% of the patients. 
There were 1276 patients who were followed up for 3 to 21 years 
and the recurrence rate was 1.6%. The plug repair for most 
recurrent inguinal hernias is recommended. 

(Arch Surg. 1990;125:265-267) 


spots report details the long-term results of the “plug” 
repair technique that was first introduced in 1968 and 
reported on in 1974 by one of us (I.L.L.),' but that is still 
widely regarded as controversial. Twenty years of experi- 
ence in the treatment of more than 1402 recurrent inguinal 
hernias previously repaired elsewhere attests to its efficacy. 
Because plug repair is simpler to perform than conventional 
repair techniques, it can be done on an outpatient basis under 
local anesthetic, it is associated with much less postoperative 
pain, and it has had good results, the initial hopes for the 
method are reaffirmed. 

A review of the literature reveals that primary inguinal 
hernia repair continues to result in a 10% failure rate.** The 
failure figure for first attempts to correct such recurrences is 
quoted as being as high as 35%.”* Two, three, or more at- 
tempts are associated with increasingly discouraging statis- 
tics. It is not unusual for patients who have had five or six 
failed repairs to be referred to us. A better method of repair is 
clearly desirable. | 

There is one basic reason for such poor results: the approxi- 
mation of tissues under tension. While our trainees are 
taught that this is a violation of fundamental surgical princi- 
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ples, almost all standard methods of hernial repair, primary 
or recurrent, disregard this basic caveat. Transversalis fascia 
is frequently diaphanous and too unreliable to repair the floor 
of the inguinal canal. This fact is underscored in the anatomi- 
cal descriptions of Condon.’ Nor do the surgeons from the 
Shouldice Clinic, Toronto, Canada, trust the transversalis 
fascia alone as they routinely add more suture layers to 
support it. 

The only available strong aponeurotic tissue superior to the 
canal floor is the tendon of the transversus abdominis muscle. 
Unfortunately, the insertion of this tendon may be 2 cm or 
more apart from Poupart’s or Cooper's ligament. Attempts to 
approximate these semirigid and fixed structures across this 
gap result in unacceptable tension on the suture line. At the 
internal ring the presence of the spermatic cord likewise 
prevents the complete approximation of these same struc- 
tures without tension. 

Our studies have confirmed that recurrences almost always 
are found at either end of the sutured repair (ie, at the pubic 
tubercle or at the internal ring) where approximated tissues 
under tension are unsupported by adjacent buttressing su- 
tures on both sides.” Rarely is there more than one defect. 
Analyzing 413 recurrent hernia repairs, Greenburg” found 
multiple defects in only 2.8% of the cases. Our experience is 
similar. Since intra-abdominal pressure is concentrated at the 
site of least resistance, it usually creates no more than one 
opening. This fact is used to advantage and explains why it is 
unnecessary to take down the old repair completely. To con- 
vert what is usually a small defect into a large opening, 
thereby destroying the intact portion of a previous repair, is 
illogical. Occasionally, the entire floor is absent. In such 
cases, the diagnosis is easily discernable at surgery and rarely 
may call for the use of a wide patch rather than a plug. 

Greenburg also measured the size of defects and found that 
77% were less than 4 cm in diameter. We have found the 
openings to be even smaller in the majority of recurrent 
hernias. With each succeeding operation for recurrent herni- 
as the available tissues become more scarred, less well vascu- 
larized, and more rigid. These tissues have previously failed 
to achieve a good repair under better circumstances. To 
expect a high degree of success under such adverse conditions 
is unjustifiably optimistic. 
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MATERIALS AND METHODS 


An essential detail of the plug technique is the accurate identifica- 
tion of the hernial bulge preoperatively. A prominent skin ink mark 
avoids much wasted time searching for the sac and serves as a 
constant guide to its location. This cannot be overemphasized since 
there is nothing more embarrassing to the surgeon than being unable 
to locate the defect at operation. An anesthetized patient is unable to 
—_ or strain and cannot assist the surgeon in finding the hernial 

ulge. 

A transverse incision is centered directly above the skin mark. This 
incision is usually much shorter than the scar of the earlier operation. 
Since the operation is performed under local or epidural anesthesia, 
the patient is directed to cough and strain to make the hernial sac 
more prominent. The sac is usually found in the subcutaneous tis- 
sues but may, at times, be located under the external oblique 
aponeurosis. ` 

Gentle pressure on the tissues surrounding the expected site of the 
bulge often reveals the bulge. The sac is dissected away from the 
adjacent tissues by hugging it closely. Almost invariably, the sper- 
matic cord structures are intimately adherent to the sac and accurate 
dissection is imperative to avoid injury. 

When operating on recurrent hernias, it may be impossible to 
identify anatomical structures accurately. Realistically, fused layers 
of scar tissue are usually encountered. Little attempt is made to 
identify unrecognizable anatomical planes. Instead, the sac is simply 
dissected down to the properitoneal level, where it is completely 
released from adjacent tissues. 

A finger inserted through the defect evaluates the integrity of the 
remaining inguinal and femoral areas to rule out the unlikely possibili- 
ty of a second defect. The hernial sac is returned to the peritoneal 
cavity without the necessity of ligation or excision. 

The usual firm margins of the hernial defect are grasped with Allis 
forceps. They need be cleared for a distance of only about 5 mm, just 
enough to insert several anchoring sutures. A strip of polypropylene 
mesh (Marlex), measuring at least 20 x 2 cm, is rolled up lengthwise 
to form a cylindrical plug.” Where larger defects are encountered, a 
second or third strip is employed around the first, to fatten the plug as 
needed (Fig 1). The strip should be large enough to fit the defect 
snugly. An Allis clamp holds the plug as it is inserted into the hole so 
that the outer end of the plug lies flush with or beneath the adjacent 
tissues. 

The effectiveness of the plug as a barrier can be tested by having 
the patient cough and strain even before any sutures are placed; it 
should not extrude under this pressure. The periphery of the exposed 
outer end of the plug is sutured to the firm hernial margins with 
several interrupted 00 monofilamented (Novafil) sutures, the ends 
being left untied until all the sutures are in place (Fig 2). 

After the sutures are tied the repair is again tested for its integrity 
as the patient is once more requested to cough and strain. Prior to 
insertion of the plug, it is completely immersed in a bacitracin- 
polymyxin powder mixture, the only antibiotic therapy used. Since 
these antibiotics are never used systemically, there is no risk of 
future sensitivity reaction. The powder is also sprinkled into the 
subcutaneous tissues. Approximation of the external oblique aponeu- 
rosis with an absorbable suture is followed by routine wound closure. 
Immediate ambulation is encouraged and the patient leaves the 
short-stay center within hours, when able to void and walk without 
assistance. 


RESULTS 


The patients generally stated that their postoperative dis- 
comfort was much less than that following their primary 
operation, a source of considerable satisfaction to both the 
patient and the surgeon. The plug repair was used in 1402 
patients with recurrent hernias. They were followed up for 3 
to 21 years by physician examination with a 91% follow-up 
rate, leaving 1276 patients for study. Examinations were 
carried out on an annual basis for 2 years and every 3 years 
thereafter. In 47% of the patients the defect was at the pubic 
tubercle and 9 out of 10 of these measured less than 4 cm in 
diameter. In 40% of the patients the defect was at the internal 
ring. The entire floor was involved in only 18% of the patients. 

This situation was not infrequently found in patients whose 
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Fig 1.—A piece of polypropylene screen is fashioned into a “plug” 
shape. 
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Fig 2.—Scarred anatomy is usually encountered at surgery. A indi- 
cates external oblique muscle; B, internal oblique muscle; C, so-called 
conjoined tendon; D, old Bassini repair; E, scarred margins with 
protrusion; F, spermatic cord; and G, external ring. Insert shows the 
method of securing the plug. 


primary operation was performed in childhood or in those 
patients whose repair consisted only of high ligation of an 
indirect sac without reinforcement of the hernial floor. Since 
no previous repair of the inguinal floor had been carried out, 
these were really primary direct hernias needing a second 
operation. More than 25% of all patients referred to the 
institute had recurrent hernias when first examined. Of 
these, 18% had multiple recurrent hernias, ie, they had had 
two or more previous repairs. 

Our overall failure rate was 1.6% (21 patients). This figure 
includes all patients seen, no one having been rejected for 
excessive obesity to date. An analysis of our own failures 
revealed the following: (1) insufficient plug size in 12 patients; 
(2) unrecognized secondary defect in 4 patients; (3) infection 
from prior suture material in 3 patients; and (4) two sutures 
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were insufficient to secure the plug in 2 patients. We now use 
four or five sutures. | 


COMMENT 


Most of the failures have been eliminated in recent years by 
using larger plugs and by carefully searching for a possible 
second defect. The presence of only one defect is readily 
verified because a missed hernia would be obvious in the early 
postoperative period. This has not occurred. The ultimate 
goal is to achieve a recurrence rate approaching 0%, and, of 
390 patients operated on for recurrent hernias in the past 5 
years, there have been only two failures. 

Our original reported technique’ has been slightly modi- 
fied. Formerly, only two sutures were used to both secure the 
plug and to approximate the two sides of the hernia defect. 
Two sutures proved insufficient because if one failed, the plug 
could become dislodged. Furthermore, suturing together the 
two sides of the defect placed tension on both tissues and 
sutures, a clear violation of the “tension-free” concept. The 
plug is now anchored with sutures around the periphery, 
eliminating all tension. The outer portion of the plug becomes 
narrowed as the sutures are tied. The inner end of the plug 
tends to flare out, creating a slight cone shape to the plug, 
with the wider end on the inside. Increased intra-abdominal 
pressure tends to wedge the plug in even tighter, thus provid- 
ing further strength to the repair. 

It is often stated that there is usually more than one defect 
involving the floor of the canal. In those studies patients 
frequently received general or spinal anesthetic and were 
unable to display their hernias, thus preventing the surgeon 
from accurately evaluating the integrity of the floor. More- 
over, by dissecting the entire inguinal floor a small single 
defect is converted into a larger opening. This newly formed 
large defect creates the illusion that the entire floor is in- 
volved in the recurrent hernia. 

Why is a plug preferable to a simple patch? A plug handles 
more easily and, when allowed to uncoil, forms a complete 
occlusion of the defect. Its slight protrusion into the peritone- 
al cavity prevents the insertion of omentum or bowel into a 
cul-de-sac that an on-lay patch might create. A plug is obvi- 
ously a much stronger barrier and can be fixed in place to a 
narrow rim of scar tissue. To lay down a secure flat patch, on 
the other hand, would require a wide dissection of tissue that 
might compromise the spermatic cord as well as the intact 
portion of the prior repair. 

To summarize, the repair of recurrent groin hernias with a 
polypropylene plug has dramatically reduced the expected 
high rate of failure. The method results in less patient discom- 
fort, rapid rehabilitation, and insignificant complications and 
is performed on an outpatient basis. The plug repair is recom- 
mended for the treatment of recurrent inguinal hernias. 
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Invited Commentary 


A rate of recurrence of 1.6% is impressive. My colleagues 
and I had similar results after we used the preperitoneal 
approach to insert an inlay mesh to buttress the posterior 
inguinal wall (Ann Surg. 1988;208:733). Both techniques, ours 
and that of Shulman and colleagues, leave the residual inguinal 
wall intact. Complete dissection (takedown) of the inguinal 
wall as is commonly done during most operations for recurrent 
hernia only increases the potential for rerecurrence, either at 
the original site or elsewhere. 

My experience with recurrent inguinal hernia defects is 
similar to that of these authors. Small (rarely larger than 2 cm) 
medial direct defects have been most common. I do not recall 
seeing more than a single defect in any patient. I also used the 
plug technique on two patients when I found myself facing a 
femoral hernia from the low (below the inguinal canal) ap- 
proach. I was pleased with the ease with which this unique 
method accomplished the task at hand. 

I am sympathetic to this plug approach for common medial 
recurrent direct groin hernias; however, the hernia must be 
small. For large “blowouts” of the wall in direct hernias, as 
well as for recurrent indirect inguinal hernias, I would contin- 
ue to use the inlay buttress method. 

My only criticism of the presentation relates to the prophy- 
lactic use of antibiotic powder in the wound. It is my impres- 
sion that the use of antibiotic therapy in this manner simply 
produces additional scar tissue from the local inflammatory 
response —not a bad idea, on second thought, in hernial work. 
I hope that the plug technique will be studied by other hernio- 
logists and that their results will be as good as those described 
by Shulman and associates. I also would like to see this method 
compared with other repair techniques. 


LLoyD M. NyHus, MD 
Chicago, Ill 
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Adult Assault as a Mechanism 


of Burn Injury 


Gary F. Purdue, MD, John L. Hunt, MD 


è Assault by burning is an often unappreciated cause of burn 
injury. One hundred forty-eight of 3678 adults admitted to a major 
burn center with acute burn injuries sustained their burns as a 
result of an assault by another adult. High-risk groups included 
blacks and alcohol abusers. Patients were extremely reluctant to 
describe the cause of their injury and to identify their assailant. In 
contrast to child abuse, very few cases go to court due to the 
patient’s failure to press charges. There was no typical burn 
pattern, although the injury often did not coincide with the initial 
medical history. The presence of multiple trauma, occurring in 
16% of these patients, must be excluded in the assaulted patient. 

(Arch Surg. 1990;125:268-269) 


an’s inhumanity to his fellow man is dramatically mani- 

fested in assault by burning, often with devastating 
results. An adult assault on another adult is a seldom-re- 
ported phenomenon,’ although media concern and the televi- 
sion film “The Burning Bed” have recently focused attention 
on this problem. These injuries are often inflicted by someone 
known to the victim and may be associated with multiple 
trauma, a problem greatly complicating care. 


PATIENTS AND METHODS 


All adults admitted to the burn unit of Parkland Memorial Hospital, 
Dallas, Tex, during a 14-year period were retrospectively reviewed 
for a history of assault by another adult. For the past 7 years, these 
patients were studied prospectively. Abused elderly patients were 
not included in this series. Data were evaluated by x“ analysis and 
Student’s t tests. 


RESULTS 


Three thousand six hundred seventy-eight adults were 
admitted to the burn unit during this period. One hundred 
forty-eight patients (4%) had burns deliberately inflicted on 
them by another adult. One hundred fifteen patients (78%) 
were male, not significantly different from the general burn 
population, where 75% of the patients are male. The racial 
distribution showed a statistically significant sixfold increase 


Accepted for publication August 18, 1989. 

From the Department of Surgery, University of Texas Southwestern Medi- 
cal School, and Parkland Memorial Hospital, Dallas. 

Read before the 21st annual meeting of the American Burn Association, New 
Orleans, La, March 30, 1989. 

Reprint requests to the Department of Surgery, University of Texas South- 
western Medical School, 5323 Harry Hines Blvd, Dallas, TX 75235-9031 (Dr 
Purdue). 


268 Arch Surg—Vol 125, February 1990 


in the number of black patients compared with the population 
of the burn unit as a whole. The mean (+SD) age was 
34.2 + 14.4 years (range, 14 to 86 years). Only 8 patients were 
older than 60 years of age. The mean burn size was 
20.4% + 18.0% of total body surface area (range, 1% to 92% of 
total body surface area). These values were not statistically 
different from the rest of the adult burn population. The types 
of burn injuries are shown below: 


Type of Burn Injury No. (%) of Patients 
Sealds 
Hot water 57 (89) 
Grease 19 (18) 
Other 5 (8) 
Flames 46 (81) 
Chemical 18 (12) 
Hot solids 8 (2) 
Total 148 (100) 


Twenty-six percent of the scald burns were sustained when 
hot water was poured on the sleeping victim. However, no 
scald burns were caused by hot tap water. In 54.5% of the 
cases of flame burns, the patient was doused in gasoline. 
Twenty-four patients sustained trauma in addition to their 
burns, as shown below: 


Type of Trauma No. of Patients 
Closed head injury 7 
Fractures 5 
Stab wounds 4 
Laceration 3 
Gunshot wounds 1 


The medical history was significant in 103 patients (70%), as 
shown below: 


Medical History No. of Patients 
Alcohol abuse 44 
Drug abuse 12 
Psychiatric disorder 11 
Seizures 8 
Old burns 4 
Prostitution 3 
Trauma syndrome 21 
Stab/gunshot wounds 3 


Most patients were burned by someone known to them. Six 
patients were burned by their husbands and 17 patients were 
burned by their wives; 11 patients were burned by other 
relatives; 6 patients were burned by their boyfriends and 10 


Burn Injury—Purdue & Hunt 


Heater Se ee EET 


! 


patients were burned by their girlfriends; 16 patients were 
burned by other friends; and 8 patients were burned by 
strangers. Three patients were the victims of robberies and 2 
patients were raped. One patient had been admitted previ- 
ously with a similar burn injury; both were caused by his wife. 
Eleven victims were intoxicated. Thirty-one patients were 
admitted more than 1 day after their injury occurred (mean, 
6.0 days; range, 1 to 55 days). The mean length of stay was 
20.5 + 23.2 days (range, 1 to 188 days), with 79 patients under- 
going 157 surgical procedures. These values are not signifi- 
cantly different from those of the general burn population. 

Thirteen patients died. Their mean age was 50 years, and 
the mean burn size was 49% of total body surface area. Death 
occurred at a mean interval of 28 days after the burn occurred. 
It was most commonly due to sepsis, although one patient 
died of traumatic injuries. 


COMMENT 


Assault is a relatively frequent, but often unrecognized 
form of burn injury. The high proportion of black victims has 
been documented.” Scalds were the most frequent source of 
injury, with hot water and waterlike liquids (coffee, tea, and 
thin soups) being the most frequent agents. As a group, these 
agents tend to produce less severe burns than thicker liquids 
and grease, which are often at a higher temperature and cling 
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to the victim. None of the scald burns seen in this series were 
caused by hot tap water, in sharp contrast to child-abuse 
burns, where 68% of the burns were caused by tap water." 

The most common preburn factor was alcohol abuse, which 
was seen in 30% of these patients, a proportion significantly 
higher than in the general burn population. This finding is in 
agreement with previously published reports concerning the 
battered alcoholic.‘ While drug abuse, preexisting psychiatric 
disorders, and old-burn injuries were frequently evident, 
their incidence was not significantly different from that in the 
general burn population (P>.05). With the exception of sei- 
zure disorders, the other preexisting medical factors listed 
here might be expected to place the patient at a higher than 
usual risk of assault. The high proportion of traumatic injuries 
seen in this series mandates careful evaluation of the patient, 
optimally using a team approach to diagnose and treat these 
injuries. 
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Postoperative Chylous Ascites: 


Diagnosis and Treatment 


A Series Report and Literature Review 


C. John Ablan, MD; Fred N. Littooy, MD; Robert J. Freeark, MD 


è The accumulation of chylous fluid in the abdominal cavity is 
an infrequent yet alarming complication in abdominal surgery. 
Excessive lymphatic leakage is occasionally encountered in the 
course of operations at the base of the mesentery or retroperiton- 
eum. A source can usually be identified and the leak controlled at 
the time of laparotomy by suture or clip. In the region of pre- 
sumed leakage the importance of these efforts is reinforced by 
the rare patient in whom such leakage persists, creating prob- 
lems in recognition and management postoperatively. The devel- 
opment of this complication in a patient undergoing total abdom- 
inal colectomy and left-sided hepatic lobectomy prompted a 
review of our experience and a literature review. We report four 
cases of postoperative chylous ascites seen over 5 years. The 
fluid accumulations followed operations on the abdominal aorta 
(two patients) and on the colon and liver (one patient) and after a 
mesocaval shunt procedure (one patient). Two patients re- 
sponded to low-fat, medium-chain triglyceride diets; one patient 
required peritoneovenous shunting; and one patient died of pro- 
gressive nutritional deterioration. We review the recognition and 
management of chylous ascites based on our experience and 
that reported elsewhere. 

(Arch Surg. 1990;125:270-273) 


hylous ascites is a rare clinical condition that occurs as a 

consequence of disruption of the abdominal lymphatics. 
It is a challenging clinical entity from a therapeutic stand- 
point. Multiple causes have been described in the literature, 
including abdominal surgery, malignant neoplasms (the most 
common cause in adults), blunt abdominal trauma, spontane- 
ous bacterial peritonitis, cirrhosis, pelvic irradiation, perito- 
neal dialysis, abdominal tuberculosis, and congenital defects 
in lacteal formation.*” 

Proposed treatment regimens have included several ap- 
proaches, ranging from salt restriction and diuretics to surgi- 
cal management with reoperation and ligation or peritoneo- 
venous shunting. Interventions aimed at the diminution of 
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chyle production and flow have included dietary manipulation 
using low-fat diets with medium-chain triglycerides, elemen- 
tal diets, and total parenteral nutrition.” 


REPORT OF CASES 


CASE 1.—A 61-year-old woman had adenocarcinoma of the left 
colon metastatic to the left lobe of the liver. Ten years previously she 
had undergone a right-upper lobectomy for bronchogenic carcinoma. 
Follow-up chest roentgenograms showed no recurrence. She pre- 
sented at a community hospital with epigastric and right-upper—qua- 
drant abdominal pain, with a reported 6.8-kg weight loss over the 
preceding year. Ultrasound revealed a dominant mass in the left lobe 
of the liver that was proved to be adenocarcinoma by a percutaneous 
biopsy specimen obtained using a computed tomogram as a guide. A 
barium enema revealed a mass lesion at the junction of the descending 
and sigmoid portions of the colon. She was transferred to Loyola 
University Medical Center, Maywood, Ill, where a proctoscopic ex- 
amination revealed normal colonic mucosa to 25 em. Physical exami- 
nation revealed a thin white woman. Her abdominal examination 
disclosed a palpable liver edge that was not nodular. Results of a 
rectal examination were guaiac negative, and no masses were found. 
Laboratory results included the following: y-glutamyltransferase, 27 
U/L; alkaline phosphatase, 97 U/L; aspartate aminotransferase, 232 
U/L; alanine aminotransferase, 232 U/L; lactate dehydrogenase, 483 
U/L; hemoglobin, 108 g/L; and mean corpuscular volume, 87 fL. 

At laparotomy, a large tumor involving the entire left lobe of the 
liver was identified along with a 4-cm mass in the upper sigmoid colon 
involving the serosa. There was no evidence of peritoneal metastases, 
and the right lobe of the liver was free of tumor on inspection and in 
multiple needle biopsy specimens. Several enlarged nodes in the 
preaortic area prompted en bloc resection of the entire base of the 
transverse and descending mesocolon from the inferior border of the 
pancreas to the iliac bifurcation. Gastrointestinal continuity was 
restored by ileoproctostomy slightly above the peritoneal reflection. 
A single site of excessive lymph drainage was noted in the preaortic 
area just beneath the body of the pancreas and was controlled with 
large hemoclips. The patient tolerated the colon resection well, and 
formal left-sided hepatic lobectomy was carried out without difficul- 
ty. Estimated blood loss was 1500 mL. Pathologic study confirmed an 
adenocarcinoma of the colon that was a modified Dukes C2 lesion with 
2 of 97 nodes positive. The left lobe of the liver contained one large and 
several small areas of metastatic carcinoma extending to within 
0.5 em of the cut margins. 
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Her immediate postoperative period was unremarkable. The naso- 
gastric tube was removed on the third day after surgery, and admin- 
istration of clear liquids was started on the fifth day after surgery. At 
that time she began complaining of mild dyspnea and on physical 
examination was found to have an increased abdominal girth with a 
positive fluid wave. A surgical abdomen series of plain roentgeno- 
grams revealed an ileus pattern with ascites. Abdominal paracentesis 
yielded 830 mL of chylous fluid free of bile (specific gravity, 1.020; red 
blood cell count, 5.6 10°/L; white blood cell count, 0.7 x 10°/L; 
cholesterol, 1.55 mmol/L; | total protein, 37 g/L; triglycerides, 
5.44 mmol/L; and amylase, 60 U/L; cultures were negative). The 
diagnosis of chylous ascites was made, and the patient was given 
nothing by mouth. The next morning an elemental diet was begun, 
with a total of 5 kJ/d. She was able to tolerate this; however, over the 
next 5 days a reaccumulation of ascites occurred. A second paracente- 
sis was performed to relieve distension and dyspnea, yielding 
2800 mL of chylous fluid (triglycerides, 4.26 mmol/L). After 2 more 
days of her elemental diet regimen it was noted that her abdomen was 
remaining scaphoid. She was advanced to a medium-chain, low-fat 
diet. Her ascites did not reaccumulate and her ileus resolved. She was 
discharged. Follow-up at 2, 6, and 8 weeks showed no reaccumulation 
of ascites, and she continued to gain weight. 

CASE 2.—A 65-year-old man presented to the Loyola University 
Medical Center for elective repair of an abdominal aortic aneurysm. 
His history was significant for a myocardial infarction 7 years prior to 
admission. He had been followed up closely by his cardiologist, and 
his previously noted 3.5-cm infrarenal abdominal aortic aneurysm 
had increased in size to 5.5 cm by ultrasound over a 1-year period. He 
was otherwise well. Physical examination revealed a white man of 
medium build. Results of his abdominal examination were remark- 
able for a 5- to 6-cm pulsatile abdominal mass just to the left of the 
umbilicus. Vascular examination disclosed no other vascular ectasia 
or aneurysmal dilatation. _ 

At laparotomy, a 6-cm infrarenal abdominal aortic aneurysm was 
identified and repaired with a synthetic polyester textile fiber (Da- 
cron) bifurcation graft. There was no other abdominal abnormality 
noted at the time of operation, and no lymph leakage was noted. His 
immediate postoperative period was unremarkable. A nasogastric 
tube had been placed intraoperatively for gastric decompression, and 
this was removed on the second day after surgery. On the fourth day 
after surgery he was given clear liquids. The liquids were well 
tolerated, and he was given a general diet on the following day. At 
that time he began complaining of a fullness in his abdomen. On 
physical examination he was noted to have an increased abdominal 
girth and a positive fluid wave. Paracentesis yielded approximately 
500 mL of chylous fluid (specific gravity, 1.034; white blood cell count, 
1.2 x 10°/L; red blood cell count, 1.9 x 10°/L; amylase, 33 U/L; lactate 
dehydrogenase, 156 U/L; total protein, 58 g/L; cholesterol, 
2.80 mmol/L; and triglycerides, 15.14 mmol/L; cultures were nega- 
tive). He was given a low-fat, medium-chain triglyceride diet immedi- 
ately after diagnosis. Serial measurements of abdominal girth 
showed no further accumulation of ascites over the next 3 days. He 
was discharged, and on follow-up at 2 and 4 weeks he showed no 
reaccumulation of ascites. 

CASE 3.—A 60-year-old man presented to the Loyola University 
Medical Center with profound uncontrolled ascites with nutritional 
wasting secondary to known ascites secondary to alcoholic cirrhosis. 
He admitted an approximate 40-year history of alcohol consumption 
of six to eight cans of beer daily with periods of hard liquor consump- 
tion of up to half a quart per day. He had not been consuming alcohol 
for the past 2 years. He had a history of diagnostic paracentesis that 
revealed ascites free of chyle. He had been treated with diuretics and 
salt and fluid restriction in the past and did not respond. Because of a 
history of portal hypertension manifesting as uncontrollable ascites 
he was admitted for a mesocaval shunting procedure. At the time of 
operation his ascites was noted to be chylous in nature. No apparent 
source of chylous leakage could be identified. The mesocaval shunt 
was accomplished with no complications. Postoperatively, he contin- 
ued to accumulate ascites, which, by serial measurements of abdomi- 
nal girth, increased with initiation of a general diet. Daily accumula- 
tion of chylous ascites by serial paracenteses was estimated at 500 to 
600 mL/d. Because of progressive nutritional wasting and in light of 
his now chylous ascites, a peritoneovenous shunt was placed. He 
tolerated this procedure well, and, postoperatively, his ascites re- 
mained under control, and on follow-up he had no distension and was 
gaining weight. | 
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CASE 4,—A 59-year-old man was admitted to the Loyola Universi- 
ty Medical Center for repair of a 6-cm infrarenal abdominal aortic 
aneurysm. His history was remarkable for significant peripheral 
vascular disease. Physical examination revealed a frail black man who 
appeared older than his stated age. There was a pulsatile mass 
palpable just to the left of the umbilicus. At laparotomy, an infrarenal 
abdominal aortic aneurysm was repaired with a synthetic polyester 
textile fiber bifurcation graft. There was no chyle leakage noted at 
the time of surgery. Postoperatively, he developed abdominal disten- 
sion with a positive fluid wave. Paracentesis yielded approximately 
1 Lofchylous fluid. He was given a low-fat medium-chain triglyceride 
diet immediately after diagnosis. Despite this his condition continued 
to deteriorate, and ultimately he died of nutritional deterioration. 


COMMENT 


Chylous ascites presents an interesting and challenging 
clinical problem. Dietary chylomicrons are absorbed in the 
intestine and pass along gradually larger omental lymphatics 
(Fig 1) to the cisterna chyli located anterior to the second 
lumbar vertebra (Fig 2). The cisterna is joined by the de- 
scending thoracic, right and left lumbar, and liver lymphatic 
trunks, and collectively they form the thoracic duct. This duct 
passes through the aortic hiatus and courses in the right 
posterior mediastinum. At the level of the fourth or fifth 
thoracic vertebra it crosses to the left retropleural space and 
proceeds cephalad. At the junction of the left subclavian and 
internal jugular veins, 2 to 3 em above the clavicle, the duct 
enters the venous system (Fig 2). The thoracic duct carries 
lymphatic drainage from all of the body except the right side 
of the head and neck, right arm, and right side of the thorax. 
Fifty to ninety percent of thoracic duct lymph is derived from 
intestinal and hepatic lymphatics.” Blalock” concluded from 
his study of 250 procedures on 74 dogs and cats that thoracic 
duct occlusion alone is not sufficient to cause chylous ascites. 
Patients with limited-reserve anastomotic channels are more 
at risk to develop persistent effusions/ascites when obstruc- 
tion or division of lymphatic channels occurs. In patient 1, it is 


Fig 1.—Colonic lymphatic drainage. 
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Fig 2.— Trunk lymphatics. 


possible that her previous right thoracotomy or the presence 
of a large mass in the left lobe of the liver increased the 
amount of lymphatic blockade sufficiently to contribute to 
hydrostatic pressure, leading to a persistent postoperative 
chyle leak. 

Paracentesis and fluid examination are essential in the 
diagnosis of chylous ascites. Specific gravity greater than 
1.012, fat content ranging from 4 to 40 g/L, total protein 
greater than 30 g/L, alkalinity, and sterility are characteristic 
of chylous fluid. Normal lymph flow through the thoracic duct 
averages 1.0 mL/kg per hour and may be as high as 200 mL/kg 
per hour following a fatty meal.’ Long-chain triglycerides are 
carried in the lymphatics to the venous system. Medium- 
chain triglycerides are absorbed directly into the portal ve- 
nous system, bypassing the lymph system and reducing the 
amount and flow of chyle.” Elemental diets accomplish reduc- 
tion in chyle flow by this mechanism. Total parenteral nutri- 
tion diminishes chyle production and flow by bowel rest. 
Aggressive nutritional repletion is essential in massive chy- 
lous ascites. Significant protein loss occurs. 

Abdominal surgery has been described as a cause of chylous 
ascites.'**"*"* Most commonly, resection of an abdominal aor- 
tic aneurysm has resulted in chyle leakage from disrupted 
lacteals.’*”* Retroperitoneal lymph node dissection for a vari- 
ety of neoplasms has also been reported as a cause.***”” Liver 
resection has not been reported as a cause of chylous ascites. 
The incidence of chylous ascites following liver transplanta- 
tion is also not clear. Postoperative chylous ascites carries a 
favorable prognosis.’*”” Treatment response has mostly 
been documented in case reports, however. In one study of 14 
cases, including abdominal aortic aneurysm repairs and retro- 
peritoneal dissections, all patients did well. The management 
was both operative and nonoperative. Early reoperation was 
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done only on the basis of easy identification of the lymphatic 
leak, with immediate relief of symptoms. The decision to 
intervene surgically was based on knowledge of the area 
involved in the previous dissection and persistent accumula- 
tion of chyle leakage, which had been dealt with at the original 
operation.’ 

A strategy has been proposed for the management of post- 
operative chylous ascites that calls for early reoperation to 
ligate the lymph leak and avoid nutritional consequences.’ If 
reoperation fails or if the patient is not an operative candi- 
date, a low-fat, medium-chain triglyceride diet is used. If the 
patient is refractory to diet or if required therapeutic para- 
centeses produce further nutritional depletion, total paren- 
teral nutrition and bowel rest is instituted. Peritoneovenous 
shunting is not addressed. Patients who have undergone 
abdominal aortic aneurysmectomy or extensive retroperito- 
neal dissection represent poor surgical candidates early in the 
postoperative period. Additionally, there is a high failure rate 
in reoperation to ligate leaky lymphatics." These patients 
should be treated with dietary manipulation and total paren- 
teral nutrition. If these measures fail, peritoneovenous 
shunting should be performed. It is a relatively simple proce- 
dure that can be accomplished with the patient under local 
anesthesia. In the case of abdominal aortic aneurysm graft- 
ing, reoperation increases the risk of graft infection. Perito- 
neovenous shunting has been used in this clinical situation 
with success.*” 

The prognosis of chylous ascites is mainly dependent on the 
cause. Patients with malignant neoplasms as the cause and 
infants with congenital lesions do poorly.” This is due to the 
aggressive nature of the underlying disorder. These patients 
need aggressive treatment, and peritoneovenous shunting 
may be needed to maintain nutritional integrity. Total paren- 
teral nutrition has been reported to be successful in infants.” 
Vasko and Tapper” reported the mortality rate of chylous 
ascites and its associated diseases to be 43%. One must keep in 
mind that the virulence of the underlying disorders is in- 
creased due to the nutritional deficiencies imposed by uncon- 
trolled chylous ascites. 

Lymphatic leaks may require several months to completely 
resolve. Nutritional maintenance is key while healing occurs. 
To enhance fistula closure, chyle production and flow must be 
decreased by dietary manipulation, and paracentesis should 
be performed for symptomatic relief of abdominal distension 
and dyspnea. Total parenteral nutrition is indicated for pa- 
tients in whom oral intake is impossible or when ascites is 
refractory to any diet or in infants with congenital lesions. 

Most cases of adult chylous ascites are secondary to intra- 
abdominal malignant neoplasms, such as lymphoma (most 
common), ovarian carcinoma, colonic adenocarcinoma, renal 
cell carcinoma, prostatic carcinoma, pancreatic carcinoma, 
gastric carcinoma, and granulosa cell tumor of the 
testis.°*”’””* The final common pathway appears to be disrup- 
tion of lymphatics by tumor invasion and subsequent rupture 
into the peritoneal cavity. The massive exudation of chyle into 
the abdominal cavities of these patients results in hypoalbu- 
minemia, lymphocytopenia, and anemia. These patients re- 
quire more aggressive treatment to palliate their ascites, as 
accumulations of up to 1.5 L/d are not uncommon. Peritoneo- 
venous shunting has been reported to be successful in these 
instances.”” Total parenteral nutrition has also been shown to 
be of benefit, for reasons previously stated. 479? 

The incidence of spontaneous chylous ascites in patients 
with chronic liver disease is reported to be 0.5%. The mecha- 
nism is believed to be lymphatic rupture secondary to portal 
hypertension. Lack of collateral lymphatic channels also plays 
a role. The transformation of clear ascites to chylous ascites 
carries a poor prognosis. However, chylous ascites arising de 
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novo in a cirrhotic patient has a more favorable prognosis. In 
patient 3, the prompt placement of a peritoneovenous shunt 
after identification of chylous reaccumulation was key in suc- 
cessfully reversing his nutritional wasting. It has been shown 
that serosal fibrosis occurs in patients with shunts. This is 
secondary to the flux of protein-rich fluid over serosal sur- 
faces and, with time, bowel obstruction can occur. Five such 
patients have been seen at our institution over the past 10 
years. In our experience, they represent poor operative 
risks. This must be kept in mind when the decision to place a 
peritoneovenous shunt is made. In these patients, the degree 
of liver disease is the most important factor in determining 
the prognosis.”” 

The degree of aggressiveness used in the management of 
chylous ascites should be proportionate to the amount of 
production and flow of chyle and the virulence of the underly- 
ing disease. ™™®" The response to elemental and low-fat, medi- 
um-chain triglyceride diets should be assessed first. Early 
reoperation is indicated when the site of leakage is known (for 
example, if the leakage was repaired at the initial operation) 


and if the patient is a good operative candidate.’ Reoperation 
carries a high failure rate.’ Total parenteral nutrition is 
indicated in patients who cannot tolerate oral intake, in in- 
fants, when dietary manipulation fails, and when the nature of 
the underlying disorder requires aggressive nutritional ther- 
apy.™®™" Peritoneovenous shunting is indicated when di- 
etary manipulation fails; when total parenteral nutrition fails 
or is not indicated; when the underlying disease is severe and 
the patient cannot tolerate the hypoalbuminemia, lymphocy- 
topenia, and anemia brought on by voluminous chyle produc- 
tion and flow; and when multiple paracenteses are required, 
resulting in worsened nutritional parameters.**”” Daily mea- 
surement of abdominal girth to monitor the course of fluid 
accumulation and periodic paracentesis for relief of abdominal 
distension and dyspnea are important. The serum albumin 
level, total lymphocyte count, and complete blood cell count 
should be monitored closely. While chylous ascites secondary 
to malignant neoplasm carries a poor prognosis, chylous asci- 
tes secondary to abdominal surgery carries a favorable 
prognosis. 
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Neuroleptic Malignant Syndrome 


in a Multiple Trauma Patient 


Richard C. Boorse, MD, Michael Rhodes, MD 


è Neuroleptic malignant syndrome is a little-known adverse 
reaction to neuroleptic administration characterized by hyperpy- 
rexia, leukocytosis, creatine kinase elevations, muscular rigidity, 
autonomic dysfunction, and alterations in level of conscious- 
ness. Neuroleptic malignant syndrome has an associated 20% 
mortality but can be reversed when treated with neuroleptic 
discontinuation and administration of bromocriptine and dantro- 
lene. Early diagnosis in the trauma unit may prevent an extensive 
workup for presumed sepsis. To our knowledge, neuroleptic 
malignant syndrome has not previously been reported in a multi- 
ple trauma patient. 

(Arch Surg. 1990;125:274-275) 


F ever of unknown origin in the critical care setting is a 
major cause of morbidity and consumes valuable hospital 
resources.’ We recently encountered a rare but potentially 
lethal cause of fever of unknown origin in a multiple trauma 
patient: neuroleptic malignant syndrome (NMS). Neuroleptic 
malignant syndrome, first described in the French literature 
by Delay et al in 1960,” is a little-known idiosyncratic reaction 
to administration of various neuroleptic drugs, including the 
phenothiazines, butyrophenones, and thioxanthenes: chlor- 
promazine hydrochloride, fluphenazine decanoate, fluphen- 
azine enanthate, haloperidol, perphenazine, prochlorpera- 
zine maleate, thioridazine, thiothixene hydrochloride, 
trifluoperazine hydrochloride, and trimeprazine tartrate.” 
The syndrome is characterized by extreme pyrexia, leukocy- 
tosis, elevations in creatine kinase (CK), muscular “lead pipe” 
rigidity, alterations in consciousness from stupor to coma, 
and signs of autonomic instability such as tachycardia, labile 
hypotension, and diaphoresis. **® Mortality associated with 
NMS is seen in approximately 20% of reported cases,” usually 
as a result of respiratory arrest, cardiovascular collapse, or 
acute myoglobinuric renal failure.’ 

If the diagnosis of NMS is considered when the patient 
demonstrates the above signs, appropriate treatment pro- 
duces rapid reversal of this illness. More than 300 cases have 
been previously reported in the literature,* mostly in psychi- 
atric patients. However, to our knowledge, NMS has not been 
previously described in trauma patients in the critical care 
setting. 


REPORT OF ACASE 


A previously healthy 20-year-old, 110-kg white man was trans- 
ported to a level I trauma center by helicopter after being involved in 
a violent motor vehicle accident. On arrival, he was awake and 
moving all extremities and had a systolic blood pressure of 80 mm Hg, 
a pulse rate of 142 beats per minute, and a respiratory rate of 42/min 
(Figure). He was noted to have multiple open comminuted fractures 
with tissue loss. Open peritoneal lavage was grossly positive and 
abdominal exploration revealed multiple mesenteric lacerations that 
were repaired. He then underwent fixation of his multiple orthopedic 
injuries. A subsequent head computed tomographic scan was normal. 
Total resuscitation fluids were 8000 mL of crystalloid and 13 U of 
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blood and blood products. Postoperatively, he was awake and hemo- 
dynamically stable. 

On his second day, he underwent a free-tissue transfer from the 
right latissimus dorsi to the left elbow. Administration of general 
anesthetic agents, including isoflurane, fentanyl citrate (Sublimaze), 
pancuronium, tubocurarine chloride (Curare), vecuronium bromide, 
and thiopental sodium (Pentothal), had no identifiable perioperative 
adverse effects. Mechanical ventilation was maintained postopera- 
tively. A CK of 19 012 U/L with an MB fraction of 14% prompted an 
electrocardiogram and a two-dimensional echocardiogram, which 
were normal. Renal function was normal and urine was negative for 
myoglobin. His maximum temperature was 39.1°C, and empiric anti- 
biotic therapy with cefazolin and gentamicin was continued for his 
open fractures. 

On the fourth hospital day, he was awake, alert, responding to 
questions, and requiring less ventilatory support. His maximum 
temperature was 38.6°C and white blood cell count was 11.1 x 10°/L 
with normal differential. The following day, he extubated himself, 
which was well tolerated without evidence of hypoxia. He subse- 
quently received a total of 30 mg of haloperidol intramuscularly over 
the next 24 hours for agitation. On the sixth hospital day, he was 
disoriented and lethargic with a rectal temperature of 39.4°C, respi- 
rations of 44/min, and a pulse of 140 beats per minute. The patient 
required reintubation and began receiving expanded treatment with 
multiple antibiotics for presumed sepsis. All cultures obtained were 
sterile. 

The patient continued to receive large doses of morphine (130 mg) 
intravenously, diazepam (Valium) (55 mg) intravenously, and halo- 
peridol (25 mg) intramuscularly for sedation over the next 24 hours, 
and he remained restless, agitated, and hypermetabolic. Continued 
fever workup was negative, with sterile cultures, clear chest roent- 
genogram, and normal computed tomographic scans of the abdomen 
and left thigh to rule out abscess. Over the next 10 days, he received 
no haloperidol. His fever and leukocytosis subsided and he became 
alert. 

On day 17, he was again given haloperidol (15 mg intramuscularly) 
for restlessness and agitation. Over the next 12 days, the patient 
received an average of 20 mg of haloperidol intramuscularly daily and 
again demonstrated what appeared to be a septic course without an 
identifiable source. The patient again became lethargic, diaphoretic, 
and had corpselike rigidity of his extremities and neck. Rectal tem- 
peratures ranged from 38.3°C to 39.7°C, with white blood cell eleva- 
tions from 14.6 to 29.9 x 10°/L. His pulse remained from 110 to 140 
beats per minute. Continued extensive workup for presumed sepsis 
was negative. 

Finally, on day 31, the diagnosis of NMS was entertained. Haloper- 
idol administration was stopped and he started treatment with bro- 
mocriptine (2.5 mg via nasogastric tube) and dantrolene (75 mg via 
nasogastric tube) every 8 hours. The first dosage of dantrolene was 
given intravenously. Following 24 hours of treatment, the patient's 
temperature was 37.4°C, pulse was 110 beats per minute, and white 
blood cell count was 14.8 x 10°/L; however, he remained obtunded. 
Forty-eight hours after treatment began, he was awake and alert, 
with a temperature of 37.3°C. His pulse was under 100 beats per 
minute, white blood cell count was 15.5 x 10°/L, and liver function test 
and CK levels were decreasing to normal. The patient’s condition 
continued to improve and he was extubated on the third treatment 
day. He remained afebrile with normal white blood cell count and 
liver function test and CK levels. Bromocriptine was increased by 
2.5 mg each day to a maximum dosage of 12.5 mg every 8 hours on the 
sixth treatment day. Dosage was then tapered to 7.5 mg every 8 
hours and discontinued after 12 days of treatment. Dantrolene was 
tapered to 25 mg every 8 hours and discontinued after 8 days of 
treatment. The patient was transferred to a rehabilitation center on 
his 57th hospital day and has subsequently resumed full employment. 
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COMMENT 


Originally documented in psychiatric patients receiving 
neuroleptics, NMS has also been seen in psychiatrically nor- 
mal patients treated with these medications for reasons such 
as preinduction to anesthesia’ or sedative hypnotic withdraw- 
al.° Neuroleptic malignant syndrome is seen following thera- 
peutic doses. Onset is not related to duration of administra- 
tion and can occur following a single dose.” Fever in NMS is 
variable and temperatures as high as 42.2°C may develop as 
the syndrome evolves over 24 to 72 hours. Extrapyramidal 
symptoms, eg, diffuse muscular “lead pipe” rigidity or waxy 
flexibility with carpopedal spasm, can be seen concurrently 
with temperature elevations.” Fluctuations in mental status 
vary from alert mutism to catalepsy or coma. Autonomic 
instability with tachycardia, diaphoresis, hypertension, hy- 
potension, and urinary incontinence are often seen.” 

Several laboratory abnormalities are characteristic but not 
diagnostic of NMS. Leukocyte elevations from 15 to 30 x 10°/L 
with a left shift are common and, in conjunction with tem- 
perature elevations, provoke initial diagnoses of sepsis in 
most cases.**”"* Elevations of CK have been recorded as high 
as 16 000 U/L and are probably secondary to myonecrosis 
after sustained muscle contraction. Levels quickly return to 
normal following resolution of the syndrome.” Elevations in 
liver function tests, including transaminase, lactate dehydro- 
genase, and alkaline phosphatase, are often seen for an un- 
known reason.” Myoglobinuria can be seen and often leads to 
renal failure if not detected.” 

According to Henderson and Wooten,” vasoconstriction 
and pallor in NMS suggest that peripheral vasoconstriction 
prevents effective heat transfer from the patient to the envi- 
ronment. Our patient, like others, sweated profusely, indicat- 
ing that some peripheral routes of heat dissipation were 
intact. Vasoconstriction in the presence of diaphoresis implies 
a defect in heat loss, but because some compensatory mecha- 
nisms are activated, central dysfunction represents more 
than a simple increase in hypothalamic set point. Granato et 
al“ feel that hyperthermia of NMS may be caused by periph- 
eral heat generation from intense central nervous system- 
mediated muscular contraction. Use of paralyzing agents, 
however, does not result in normothermia. The exact mecha- 
nism of hyperthermia has not yet been defined. 

First-line treatment of NMS is neuroleptic discontinuation, 
which may lead to resolution in 5 to 15 days. Dantrolene 
sodium in dosages of 50 mg orally every 12 hours, along with 
bromocriptine in dosages beginning at 2.5 mg every 8 hours 
increasing to a daily total dose of 30 to 60 mg, is the treatment 
of choice and has been demonstrated to hasten resolution of 
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the syndrome to 48 to 72 hours in most cases.” Dantrolene is 
most efficacious in reducing the rigidity and with it the fever 
that may be produced at a muscular level, but will not always 
resolve the confusion, stupor, tremor or psychotic symptoms 
that probably are more central in origin.” Neuroleptic ma- 
lignant syndrome may be caused by levodopa withdrawal in 
Parkinson's disease, and some researchers have proposed a 
pathogenic role for the dopamine receptor.” Rapid clinical 
response to bromocriptine, often seen in 48 hours, supports 
the hypothesis that the pathogenesis of NMS may be caused 
by a central dopamine-receptor blockade. °°" 

Fever, hypotension, tachycardia, and leukocytosis in the 
trauma patient often prompt an initial diagnosis of sepsis, 
which is followed by an extensive workup. A missed diagnosis 
of NMS can lead to continued neuroleptic exposure and is 
potentially fatal. Neuroleptic malignant syndrome is often 
mistaken for infectious disease affecting the central nervous 
system, in particular, acute viral or bacterial encephalitis and 
tetanus. Hypertonicity occurring in NMS must also be differ- 
entiated from basal ganglia disorders with rigidity such as 
severe forms of Parkinson's disease.” The stupor, mutism, 
and waxy flexibility seen in NMS have been noted to be 
clinically indistinguishable from acute lethal catatonia.” Drug 
allergy should also be considered in the differential diagnosis 
of NMS. To make the correct diagnosis of NMS, however, the 
trauma surgeon must first be aware of this rare adverse 
reaction to neuroleptics. 


The authors wish to thank the Research Department, Lehigh Valley Hospi- 
tal Center, Allentown, Pa; Kathleen Moser for her assistance with the text; and 
Carol Gagnon for the figure. 


References 


1, Petersdorf RG. FUO: how it has changed in 20 years. Hosp Pract. 
1985;20:841-84GG. 

2. Smego RA, Durack DT. The neuroleptic malignant syndrome. Arch 
Intern Med. 1982;142:1183-1185. 

3. Kellam AM. The neuroleptic malignant syndrome, so-called: a survey of 
the world literature. Br J Psychiatry. 1987;150:752-759. 

4. Shafer WH, Furlan AJ. Neuroleptic malignant syndrome: an unusual 
cause of fever. Cleve Clin J Med. 1986;53:355-356. 

5. Pope HG, Keck PE, McElroy SL. Frequency and presentation of neuro- 
leptic malignant syndrome in a large psychiatric hospital. Am J Psychiatry. 
1986;143:1227-1233. 

6. Moyes DB. Malignant hyperpyrexia caused by trimeprazine. Br J An- 
aesth. 1973;45:1163-1164. 

7. Regestein QR, Alpert JS, Reich P. Sudden catatonic stupor with disas- 
trous outcome. JAMA. 1977;238:618-620. 

8. Morris HH, McCormick WF, Reinarz JA. Neuroleptic malignant syn- 
drome. Arch Neurol. 1980;37:462-463. 

9. McAllister RG Jr. Fever, tachycardia, and hypertension with acute cata- 
tonic schizophrenia. Arch Intern Med. 1978;138:1154-1156. 

10. Caroff SN. The neuroleptic malignant syndrome. J Clin Psychiatry. 
1980;41:79-83. 

11. Konikoff F, Kuritzy A, Jerushalmi Y, Theodok E. Neuroleptic malig- 
nant syndrome induced by a single injection of haloperidol. Br Med J. 
1984;289:1228-1229. 

12. Henderson VW, Wooten GF. Neuroleptic malignant syndrome: a patho- 
genic role for dopamine receptor blockade? Neurology. 1981;31:132-137. 

13. Eiser AR, Neff MS, Slifkin RF. Acute myoglobinuric renal failure. Arch 
Intern Med. 1982;142:601-603. 

14. Granato JE, Stern BJ, Ringel A, et al. Neuroleptic malignant syndrome: 
successful treatment with dantrolene and bromocriptine. Ann Neurol. 
1983;14:89-90. 

15. Gibb WRG, Griffith DNW. Levodopa withdrawal syndrome identical to 
neuroleptic malignant syndrome. Postgrad Med J. 1986;62:59-60. 

16. Dhib-Jalbut S, Hesselbrock R, Brott T, Silbergeld D. Treatment of the 
neuroleptic malignant syndrome with bromocriptine. JAMA. 1983;250:484- 
485 


17. Zubenko G, Harrison GP. Management ofa case of neuroleptic malignant 
syndrome with bromocriptine. Am J Psychiatry. 1983;140:1619-1620. 

18. Goekoop JG, Carbaat PA. Treatment of neuroleptic malignant syndrome 
with dantrolene. Lancet. 1982;2:49-50. 

19. Coons DJ, Hillman FJ, Marshall RW. Treatment of neuroleptic malig- 
nant syndrome with dantrolene sodium: a case report. Am J Psychiatry. 
1982;139:944-945. 

20. May DC, Morris SW, Stewart RM, Fenton BJ, Gaffney FA. Neuroleptic 
malignant syndrome: response to dantrolene sodium. Ann Intern Med. 
1983;98:183-184. 

21. Mueller PS, Vester JW, Fermaglich J. Neuroleptic malignant syn- 
drome: successful treatment with bromocriptine. JAMA. 1983;249:386-388. 


Neuroleptic Malignant Syndrome —Boorse & Rhodes 275 


Books 


Trauma: Pathogenesis and Treatment, edited by 
Stephen Westaby, 414 pp with illus, $125, London, 
England, Heinemann Medical Books Ltd, 1989. 

After many years of relative paucity, 
there has in recent years been a great 
proliferation. of books on trauma and 
trauma care. To merit attention in this 
current arena, a book needs to be a 
notch above the norm in either scope or 
content. Trawma: Pathogenesis and 
Treatment, edited by Stephen Wes- 
taby, BSc, MS, FRCS, John Radcliffe 
Hospital, Oxford, England, is success- 
ful in both scope and content. The book’s 
34 authors are drawn mainly from the 
United Kingdom, with significant con- 
tributions from the United States, Ja- 
pan, and Ireland. In the preface it is 
stated that the authors aimed for broad 
appeal, and this has been achieved quite 
nicely. 

The topics covered range from ad- 
dressing the standard subjects of resus- 
citation and organ system injuries to 
reconstruction techniques. In addition, 
there are very interesting and well- 
written chapters dealing with different 
countries’ trauma centers, prehospital 
issues, and organ donation and retriev- 
al. The chapters are supplemented with 
the largest and most striking collection 
of color photographs of any trauma text 
with which I am familiar. 

This book offers good coverage of the 
basic principles of trauma care and will, 
therefore, be found useful by students, 
residents, and others seeking to estab- 
lish an understanding of the pathophysi- 
ology of trauma and the basic principles 
of resuscitation and management. It 
also contains insights that will be found 
useful to the most experienced trauma 


Calendar of Events 


1990 
February 


Cleveland Clinic Foundation, “Colorectal Dis- 
ease in 1990: An International Exchange of 
Medical and Surgical Concepts,” February 15- 
17, The Westin Cypress Creek Hotel, Ft Lau- 
derdale, Fla. Contact: The Cleveland Clinic 
Foundation, Department of Continuing Educa- 
tion, 9500 Euclid Ave, TT31, Cleveland, OH 
44195-5241; 444-5696 (local), 800-762-8172 
(Ohio), or 800-762-8173 

The 11th Annual Meeting of the American 
Society of Outpatient Surgeons, February 
22-25, Sheraton Harbor Island East Hotel, San 
Diego, Calif. Contact: PO Box 33185, San 
Diego, CA 92103; (619) 692-9918. 
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surgeons. While not everyone will 
agree with every medical management 
scheme presented in the text, those 
reading it will come away with a new 
perspective in some area covered in the 
book. I would anticipate it will signifi- 
cantly contribute to the scope of knowl- 
edge of every reader. 

In summary, this book is a significant 
contribution to the literature of trauma 
care. I would recommend it for both 
neophytes as well as crusty veterans of 
the trauma wars. Its $125 price tag may 
seem to put it above the reach of more 
junior disciples of trauma care and will 
certainly not contribute to lowering the 
US balance of payments. However, 
overall the investment would be well 
worth it for those with a serious interest 
in the treatment and study of trauma- 
tized patients. 


MICHAEL E. SMITH, MD 
Oakland, Calif 


Gastric Carcinoma: Classification, Diagnosis, 
and Therapy, edited by Jürgen Hotz, MD, Hans- 
Joachim Meyer, MD, and H.-J. Schmoll, MD, 216 
pp, with illus, $39.95, New York, NY, Springer- 
Verlag NY Ine, 1989. 

This monograph is well written and 
easy to read and provides a comprehen- 
sive overview of gastric carcinoma be- 
ginning with epidemiology and ending 
with a description of current chemo- 
therapeutic efforts to reduce the mor- 
tality associated with this dread dis- 
ease. The major portion of the book is a 
description of the authors’ experience 
and the methods of diagnosis and man- 
agement they employ for carcinoma of 
the stomach. The classification of gas- 
tric carcinoma and the descriptions of 
precancerous conditions and lesions are 
accompanied by some color plates of ex- 
cellent quality and are presented in a 
particularly lucid manner. 

The authors’ methods and procedures 
for the management of gastric cancer 


March 


The 18th Annual Symposium on Vascular Sur- 
gery, March 7-10, Marriott's Desert Spring 
Resort, Palm Desert, Calif. Contact: Terri Rojas, 
Director of Meetings and Conventions, The 
Society for Clinical Vascular Surgery, 13 Elm 
St, Manchester, MA 01944; (508) 526-8330. 

Society of Graduate Surgeons of The Los 
Angeles County/University of Southern Cal- 
ifornia Medical Center, Surgical Forum, March 
15-18, The Beverly Hilton, Beverly Hills, Calif. 
Contact: Director of Medical Education, Society 
of Graduate Surgeons, 5820 Wilshire Blvd, 
Suite 500, Los Angeles, CA 90036; (213) 937- 
5514. 

12th National Trauma Symposium, “Cross 
Roads in Trauma Care . . . Paving the Way to 
the 21st Century,” March 18-20, Baltimore (Md) 
Convention Center. Contact: Kimberly Unitas or 
Terry Young, Maryland Institute for Emergency 
Medical Services Systems, University Square, 


are, in general, consistent with those of 
other students of the disease. The au- 
thors have had considerable experience 
with gastric carcinoma; for example, 
they treated a total of 189 patients with 
adenocarcinoma of the gastroesophage- 
al junction from July 1, 1982, to October 
1, 1987. The extent of the authors’ expe- 
rience certainly lends credibility to the 
results they describe. Of 1510 early and 
advanced gastric carcinomas, 75% were 
resected, with 714 patients undergoing 
total gastrectomy, 313 undergoing sub- 
total distal gastrectomy, and 108 under- 
going proximal subtotal gastrectomy. 
The overall mortality rate for the 1135 
patients who underwent resection was 
an admirable 10.6%; proximal gastrec- 
tomy had the highest (16.7%) mortality 
rate, and total gastrectomy had the low- 
est (8.7%) mortality rate. 

The authors’ conclusions and view- 
points concerning gastric carcinoma are 
in general consistent with those of other 
authors. 

Somewhat disappointing to this re- 
viewer was the amount of attention and 
space given to chemotherapy and adju- 
vant chemotherapy and radiation; 85 to 
185 pages were devoted to these sub- 
jects. The attention given to the subject 
of carcinoma occurring in the stomach 
that has been operated on also seemed a 
bit excessive. The authors’ view that a 
gastric remnant after operation for be- 
nign disease introduces “considerable 
risk of cancer” is among some of their 
conclusions and opinions that are at 
variance with those published by au- 
thors from other medical centers. These 
criticisms need not detract from the au- 
thors’ clear descriptions of an extensive 
experience with gastric carcinoma and 
their enviable record in managing this 
all-too-often fatal illness. 


NEIL R. THOMFORD, MD 
Toledo, Ohio 


11 S Paca St, Suite 303, Baltimore, MD 21201; 
(301) 328-2399; FAX (301) 328-8514. 


April 


Association for Surgical Education, April 4-7, 
The Grand Kempinski Hotel, Dallas, Tex. 


June 
General Surgery Seminar, “Update and Review,” 
June 4-8, Marriott’s Hilton Head Resort, Hilton 
Head Island, SC. Contact: George M. Con- 
verse, MD, Director of Medical Education, Lloyd 
Noland Pkwy, Fairfield, AL 35064; (205) 783- 
5276. 


November 


The 11th World Congress of the Collegium 
internationale Chirurgiae Digestivae (CICD), 
November 3-7, Convention Centre, Hotel Taj 
Palace Intercontinental, Sardar Patel Marg, 
New Delhi, India. Contact: Manohar J. Joshi, 
MS, FRCS(Eng), FACS, 1194/23 Ghole Rd, 
Pune- 411005 India; (0212) 53698. 


Books/Calendar of Events 


Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. Please do not send 
Classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/o AOS, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Surgery. 


Box 












CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3 Times 

or more” 
Cost per word $1.60 $1.45 
Minimum 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


| 

Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 
used for replies, the words “Box _____, c/o 
AOS” are to be counted as three words. 


Classified Display 1Time 3 Times 
Full page $1,390 $1,209 
Two-thirds page 1,184 1,030 
One-half page 973 847 
One-third page 767 668 
One-sixth page 354 308 
Column inch 75 65 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


Surgery 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 


GENERAL VASCULAR SURGEON with vascular 
fellowship to join three surgeons in practice of 
general, vascular and thoracic surgery in southern 
New Jersey, close to Philadelphia and shore points. 
Benefits and salary leading to partnership opportun- 
ity. Send CV to: Box #903, c/o AOS. 


ORTHOPEDIC SURGEON for Oberlin, Ohio multi- 
specialty group to serve growing patient load. 
Northern Ohio college town serving drawing area 
275,000. Salary first year with full shareholder status 
available thereafter. Send CV to: Dr. VanDyke, 224 
West Lorain, Oberlin, OH 44074. 


WANTED: Board-eligible or board-certified general 
Surgeon with subspecialty in vascular surgery to 
join a three person surgical practice in upstate New 
York. Send CV to: Surgical Associates, P.C., 161 
Riverside Drive, Binghamton, NY 13905. 


TUSKEGEE, ALABAMA: VA Medical Center has a 
vacancy for a pulmonologist. Must be a citizen or 
possess permanent immigrant visa. Must be board- 
certified or board-eligible. Excellent weather. Salary 
ranges from $75,000 to $91,000 depending on quali- 
fications and experience. Tuskegee VA Medical 
Center is an equal opportunity employer. Contact: 
Chief of Staff (205) 727-0550, Extension 3645. 


GENERAL SURGEON 


To join two others in 50-physician multi-specialty 
clinic located 37 miles south of Madison, 2 hours from 
Chicago and Milwaukee. State-of-the-art hospital and 
clinic equipment. Excellent schools and community 
environment. First year salary with incentive, excellent 
benefits and early partnership with no buy-in. Send 
CV to: J.M. Ingalls, MD, Medical Director 
THE MONROE CLINIC 
Monroe, WI 53566 æ (608) 328-7000 






















NORTH CAROLINA — BC general surgeon to 
replace retiring partner. Practice 20% orthopedics. 
60-bed modern hospital. Reply: Box #904, c/o AOS. 


PLASTIC SURGEON — BC/BE to join main branch 
of thirty-five physician multi-specialty group. Excel- 
lent clinic and hospital facilities. Very competitive 
salary and benefit package. Excellent opportunity. 
Good hunting, fishing. Good schools, a beautiful 
place to raise a family. Call Executive Administrator 
collect, (701) 857-0236. Or write: Medical Arts Clinic, 
P.C., P.O. Box 1489, Minot, ND 58702-1489. 


GENERAL SURGEON to join two university trained 
general surgeons in midwestern community of 
100,000. Busy practice with active involvement in 
level Il trauma center, at modern, 400 plus bed hos- 
pital with many subspecialists. Available immediately 
or July 1990. Reply: Box #906, c/o AOS. 


BC/BE GENERAL SURGEON — CALIFORNIA. 
Exceptional private practice opportunity. Establish- 
ed practice (surgeon retiring); financial assistance 
and guaranteed income. New businesses are con- 
tributing to steady growth of service area which is 
now 90,000. 112-bed, full service hospital. Located 
in central California near Sequoia National Park, 
Tulare offers family environment, abundant and var- 
ied recreation, beautiful homes attractively priced. 
Good schools, restaurants and shopping. Easy 
access to California's major cities and attractions. 
Contact: Tulare District Hospital Physician Recruit- 
ing Office, Box 90112, Los Angeles, CA 90009. 
(213) 216-2687. 


WANTED ASAP: BC/BE orthopaedic surgeon. 83- 
bed JCAHO hospital, 35 miles west of Atlanta, 
Georgia. Contact: Ray Brees, Administrator, Pauld- 
ing Memorial Medical Center, 600 West Memorial 
Drive, Dallas, GA 30132. (404) 445-4411, Extension 
205. 




















GENERAL SURGEON needed for a 50-bed, com- 
munity hospital located in West Liberty, Kentucky. 
The hospital has an excellent operating suite along 
with modern equipment and trained staff. Excellent 
starting salary available with fringe benefits. Inde- 
pendent practice terms also available. Beautiful 
lakes, parks and recreational opportunities abound. 
Contact: Appalachian Regional Healthcare, Atten- 
tion: Mr. Gary J. Smock, P.O. Box 8086, Lexington, 
KY 40533. (606) 281-2440 or (800) 888-7045. 


SOUTHEAST UNITED STATES — Excellent oppor- 
tunities for board-certified or board-eligible sur- 
geons for solo and group practices. Send CV to: 
CPR Associates, P.O. Box 235005, Montgomery, AL 
36123-5005. 


GENERAL SURGEON — Kaiser Permanente’s 
Kansas City Region is experiencing continuous 
membership growth and is seeking board-certified 
general surgeons. Our six medical offices are stra- 
tegically located throughout the city. Kaiser Perma- 
nente has enjoyed success since its inception in 
1942. We offer excellent salary and benefits, affilia- 
tion with two tertiary care facilities, family oriented 
metropolitan area, fully paid malpractice insurance, 
scheduled time off. Send CV or call: Larry V. 
McDonald, MD, 6900 Squibb Road, Suite 200, 
Shawnee Mission, KS 66202. (913) 722-8418. 


GENERAL SURGERY. Join this growing, progres- 
sive five-person group as the second general sur- 
geon. A lucrative practice encompassing a wide 
range of procedures. The location is a quality mid- 
western city, fifteen miles from one of the country’s 
top universities. Outstanding guarantee, paid relo- 
cation and full benefits program. For additional 
information, please call: Mike Stakebake at (800) 
776-5776. Or send CV to my attention at: Cejka and 
Co., 1034 South Brentwood Boulevard, Suite 1850, 
St. Louis, MO 63117. 


CALIFORNIA COASTAL COMMUNITY — Multi- 
specialty group of 44 physicians has an opening for 
a general surgeon to join two surgeons in an 
expanding, busy, group practice. This opportunity 
is located in a moderate sized city with sunny 
beaches and excellent opportunities for outdoor 
activities, 25 miles south of Santa Barbara and 60 
miles north of Los Angeles. Compensation is com- 
petitive. Fringe benefits are excellent. Shareholder- 
ship possible after one year. For information, con- 
tact: Recruitment Director, 2705 Loma Vista Road, 
Ventura, CA 93003. 


GENERAL SURGEON 
A board-certified/board-eligible general surgeon 
is needed to join the surgical division in a 200+ 
private, multi-specialty group practice associated 
with the University of Illinois College of Medi- 
cine; liberal fringe benefits and early partner- 
ship; malpractice coverage provided. Write, 
including CV to: 
Robert C. Parker, jr., MD 
Assistant to the Chief Executive Officer 
CARLE CLINIC ASSOCIATION 

602 West University, Urbana, IL 61801 






















ASSISTANT SURGEON sought for busy adult car- 
diothoracic surgery practice. Primary responsibility 
to assist senior surgeons in the operating room; no 
patient care. Board-certification or -eligibility in 
general surgery, and some experience in vascular 
and/or thoracic surgery helpful, though not essen- 
tial. Generous salary and fringes. Position available 
immediately and could be permanent. Ideal location 
in very pleasant small city near major eastern met- 
ropolitan centers. Please respond with CV to: Law- 
rence |. Bonchek, MD, 555 North Duke Street, Lan- 
caster, PA 17603. (717) 295-8395. 


Professional Opportunities 





WANTED — GENERAL SURGEON: Midwest multi- 
specialty group looking for a BC/BE surgeon at a 
ready made practice. Excellent facilities at clinic and 
nearby 525-bed hospital. Highly rated community 
within hour of Chicago Loop. Send CV: R.T. 
Chambers, MD, Glenwood Medical Group, 2000 
Glenwood Avenue, Joliet, IL 60435. (815) 725-4631. 


GENERAL SURGEON: Surgical group seeking 
BC/BE, university trained associate. PV fellowship 
or extensive experience required. Complete non- 
invasive laboratory. Beautiful rural setting. Two 
hours from New York City. Send reply to: Box 
ANNSD, J.B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 


ORTHOPEDISTS, UROLOGISTS, general surgeons, 
ENTs. Excellent opportunities, beautiful places in 
the Carolinas, the southeast, the southwest. Excel- 
lent financial packages. Call: Carolina Physician 
Recruiters (800) 448-5965 or send CV to: Box 665, 
Mooresville, NC 28115. 





Faculty Positions 


UNIVERSITY OF OKLAHOMA College of Medicine, 
Oklahoma City is searching for a pediatric surgeon 
at the Assistant Professor rank. Qualifications must 
include board certification in general surgery and 
attainment of, or eligibility for special competency 
in pediatric surgery. Curriculum vitae may be 
directed to: William P. Tunell, MD, Pediatric 
Surgery, University of Oklahoma Health Sciences 
Center, P.O. Box 26307, Oklahoma City, OK 73126. 
We are an equal opportunity employer. 





PLEASE NOTE—Address replies to box number 
ads as follows: Box number, __-__., c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 








paperwork. 


managed by SCPMG physicians. 


Bring your outstanding surgical skills to the Southern California Permanente 
Medical Group and experience the freedom to focus on patient work. Not 


We, are a multispecialty group practice — a partnership composed of and 


Opportunities exist for board eligible/certified General Surgeons. 

Consider the advantages: the finest equipment and latest technology, the 
availability of consultations with other physicians of distinction, and a broad 
network of exceptional support personnel backed by excellent resources. 

Our compensation is competitive and benefits are outstanding. They include: 
professional liability, medical and dental coverage, vacation and sick leave, 
continuing education, life insurance and retirement plans. After two years full- 
time employment, physicians are eligible to be considered for partnership. 

For a physician application, please call (800) 328-5278. If calling from 
outside of California, please call (800) 541-7946 or send your curriculum vitae to: 
Physician Recruitment, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 


Equal Opportunity Employer M/F/H 


w 
KAISER PERMANENTE 
Good People. Good Medicine. 


Faculty Positions 


COLORECTAL SURGEON — The Section of 
General Surgery at the Dartmouth-Hitchcock Medi- 
cal Center, in Hanover, New Hampshire, is search- 
ing for an Academic Colorectal Surgeon. Candi- 
dates for this position must be BC/BQ in general 
surgery and have completed a fellowship in colorec- 
tal surgery. They will be expected to have demon- 
strated, through their training and experience, 
superior skills in the management of benign and 
malignant disorders of the anorectum, as well as 
expertise in the management of inflammatory bowel 
disease. A commitment to clinical and basic 
research as demonstrated by previous experience 
and publications is desired. It is anticipated that 
approximately 30% of this individual's time will be 
dedicated to basic and clinical investigative activi- 
ties. The individual will be an employee of the Hitch- 
cock Clinic and will receive an appropriate aca- 
demic appointment to the faculty of Dartmouth 
Medical School. DHMC is an affirmative action/ 
equal opportunity employer. Inquiries and resumes 
should be directed to the Chair of the Search Com- 
mittee: Thomas A. Colacchio, MD, Section of 
General Surgery, Dartmouth-Hitchcock Medical 
Center, Hanover, NH 03756. Telephone: (603) 
646-5290. 


VASCULAR SURGEON — The Department of 
Surgery, Medical College of Pennsylvania is recruit- 
ing a board-certified/-eligible vascular surgeon fora 
full-time academic position. Responsibilities include 
patient care, research, medical student and resident 
instruction. Benefits and insurance included. Apply 
to: Division of Vascular Surgery, Medical College of 
Pennsylvania, Philadelphia, PA 19129. 


Practices Available 


Piece Se eR Sr D.Sc nate Atk a $ basa ee ae RT SSS EE 
SOUTHERN INDIANA — Solo general surgery 
practice for sale; cooperative coverage; modern 
120-bed hospital; growing community; gross 
$400,000 plus; office lease or buy; will introduce. 
Send CV: Box #905, c/o AOS. 
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KAISER PERMANENTE 
Good People Good Medicine 


NORTH 
CAROLINA 


Kaiser Permanente has practice oppor- 
tunities available for BC/BE general 
surgeons in our Durham/Chapel Hill 
medical offices. 


Excellent salary and benefits include 
professional liability and medical cover- 
age, paid vacation and sick leave, holi- 
days, continuing education, retirement 
plan and shareholder opportunity. 


Direct letter of introduction and cur- 
riculum vitae to: 


Phyllis M. Kline 
Physician Recruitment 
Coordinator — ARS 


CAROLINA PERMANENTE 
MEDICAL GROUP, P.A. 
3120 Highwoods Boulevard 
Raleigh, NC 27604-1018 


or call: 


(800) 277-CPMG or 
(919) 878-5874 


Affirmative action/equal 
opportunity employer. 





White Mountain Surgical Specialists 


Rural 
Mountain Resort 
Practice 


BC/BE general surgeon to 
join busy general surgery 
practice in rural Arizona 
resort community. Beautiful 


White Mountains offer four 


season recreational 


opportunities. 


Practice includes broad 
spectrum of general surgery 
including critical care, 
trauma care and surgical 
endoscopy. 


Please send CV to: 


WHITE MOUNTAIN 
SURGICAL SPECIALISTS 


Attention: Office Manager 
Wagon Wheel Plaza 
Route 2, Box 1740 
Lakeside, AZ 85929 





o | o 
Assistant/Associate 


PROFESSOR 


The Medical College of Virginia, 
Virginia Commonwealth 
University, Vascular/Trans- 
plantation Division, needs an 
Assistant/Associate Professor of 
Surgery to manage its Peripheral 
Vascular Laboratories. 
Responsibilities include patient 
care, teaching, and research at 
the Veteran’s Administration 
Medical Center. | 


Applicants must possess the 
following qualifications: 


m background and experience 
in non-invasive diagnostic 
techniques 


€ completion of accredited 
general surgery residency 
and vascular surgery 
fellowship 


m vascular surgery board- 
certified or board-eligible 


Send CV to: 
P.O. Box 629, MCV Station 
Richmond, VA 23298-0629 


MCV/VCU is an AA/EO Employer. Women 
and minorities are encouraged to apply. 


Strictly Private 


If your career goals are strictly private, 
consider the many private practice oppor- 
tunities available through Humana. We have 
over 80 hospitals in 20 states. Chances are 
we can help you find a community with a 
lifestyle that’s perfect for you. Consider 
these communities: 


® General Surgeons è Otolaryngologists 
South Florida Enterprise, AL 
St. Petersburg, FL Kissimmee, FL 
Louisa, KY Atlanta, GA area 

Somerset, KY 

è Neurosurgeons College Station, TX 
Augusta, GA Layton, UT 
South Florida 
Dodge City, KS è Plastic Surgeons 
Lebanon, TN Chattanooga, TN 
Corpus Christi, TX 
Layton, UT ® Urologists 
Greenbrier Valley, WV Central Florida 

Louisa, KY 

è Orthopedic Surgeons Ville Platte, LA 
Alabama Abilene, TX 
Los Angeles Co., CA Beaumont, TX 
Central Florida Corpus Christi, TX 
Louisville, KY 
Nashville, TN area 
Houston, TX 


For more information about these and other 
private practice opportunities, send your 
CV to: Manager, Professional Relations, 
Humana Inc., Dept. OO-1, 500 West Main 


Street, Louisville, KY 40201-1438. Or Call 





TOLL-FREE 1-800-626-1590. 














The Southeast Permanente 





...tn Atlanta 


© General surgeon ® Orthopedic Surgeon | 


The Southeast Permanente Medical Group, Inc. is a physician- 
owned and managed multi-specialty group based in Atlanta. 
Our group, which is one of the largest group practices in the 
Southeast, provides care to the members of the Kaiser Per- 
manente Medical Care Program. Due to our dynamic growth, 
we're seeking a BC/BE General Surgeon and Orthopedic 
Surgeon to join our team. 


Practicing with TSPMG allows you to build your own patient 
base, with the advantages of a large, multi-specialty group com- 
mitted to quality care and service. We provide top compensa- 
tion and exceptional benefits including professional liability 
coverage. 


For more information, please call or send your C.V. to: 
Jenny Johnson, Director of Professional Recruitment, or 
Harper Gaston, M.D., Medical Director; 

TSPMG; Dept. 00011; 3355 Lenox Rd., TP 

Suite 1000; Atlanta, GA 30326; (404) 


233-0555. KAISER PERMANENTE 
An Equal Opportunity Employer Good People. Good Medicine. 





We Target 
The Physician You Want! 


The Archives of Surgery’s classified recruitment section will deliver your message to 
exactly your target audience — all general surgeons, orthopedic surgeons, urological 
surgeons, plastic surgeons — plus other surgical subspecialties. A total specialized physi- 
cian audience of over 67,000. 


Send us your order today. Just complete the coupon below and attach your typewritten 
copy. The next available issue is April which closes February 25th. Act now to reach 
precisely the physician you need. 


ORDER FORM 


The classified rate is $1.60 per word for one issue. For three issues or more, the rate is $1.45 per 
word per issue. Minimum classified ad is 20 words. The classified display rate is $75 per column 
inch. For complete information see “Classified Information” on the first page of this section 


Insert my ad ____.._ times, beginning withthe _.-———sss—‘(C—sti‘—;~™~—~—™—C—CCCCg gy 


Place my ad under the heading 





Enclosed is my check for $ __ to cover full payment 
of my advertising schedule. 


Institution L E M eee 





Contact Person E -ELO eS ee eee eee 


Address 





City 


Telephone Number 





Authorized Signature 





Send all copy and payments to: 


Surgery 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 O Local (813) 443-7666 
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February 2-4 — San Antonio 
June 4-10, 1990 — St. Louis 


OBJECTIVES 


è To increase knowledge of surgical principles and practice 
e To prepare candidates to take written and oral board exams 
è To provide a comprehensive review for recertification 


The Osler Institute 
Surgery Boards Review Course 


March 9-11 — Los Angeles 


September 17-23, 1990 Chicago, 


Now, a special update for your written, recertification, or oral exam 


METHODS 


e HOME STUDY questions, assignments and answers 
e SEMINAR with projection slides and syllabus 


e PRACTICE EXAMS with written and oral parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


Part I Courses: June 4-10, 1990 — St. Louis 
Sept. 17-23, 1990 — Chicago 


BASIC SURGERY Abdomen June 8-10 — St. Louis exams. The Part II course is mostly mock 
Anatomy Liver and Gallbladder Sept. 7-9 — Hartford oral exams for three days before and in 
Pancreas and Spleen the same city as each oral exam. The 

Physiology Peritonitis Oct. 26-28 — Columbus Be -~ 
: ; course hotel will be the best available 

Fluids and Electrolytes Abdominal Wall Dec. 7-9 — Seattle n ; 

Acid-Base and Gases Retroneritoneum e combination of excellent study environ- 

Metabolic Response Bilist P The Part Il Course is | ment and bargain rates. We will inform 

Wound Healing Ari designed to prepare board | participants as soon as the hotel contract 
Anesthesiology Skin iex ri i their oral | is signed. Please await instructions 
Shock Head and Neck exams. before purchasing your travel tickets. 

ae Anatomy 

Resuscitation The course will consist most- à ; á 

Bleeding Aos ly of mock oral exams, each -and those little earas...."™* 

Transfusion based on a presenting | LOWEST AIR FARES: Please calla 
Neoplasia SPECIALSURGERY Problem leading to questions | toll-free 1-800-548-8185 and identify 
Transplantation Thoracic Surgery treatment options, and com- yourself with this Osler course for special 
Trauma Chest Wall/Pleura plications Faculty will | S*OUP fares. 

Lung/Mediastinum critique each exam and | » P 
Burns Cardiac S q r ..remarkably complete and pleasant 
raita Cars ardiac >urgery answer questions. 

Pre. and post-o Congenital Heart Each participant will have an | PLACEMENT SERVICE: For a practice 

Munition” P Acquired Heart exam and critique sessionand | opportunity write or call 1-800-356-7537. 

Patent Monitorin Vascular Surgery unlimited observation of l i 

Tdfections The Great Veins other sessions. Ae 25 | "the most education for the money."* 

Peripheral Arteries minute sessions ma’ ar- : 
GENERAL SURGERY Veins and Lymphatics ranged for $60 and private F — AND Secon ec a hrs 
Alimentary Tract Orthopedic Surgery sessions (i¢., no other par- pe «tae ee oii coy $480 65. 

Esophagus Fractures ticipants observing) may be pres $300 $260 

Stomac Joint Disorders arranged for an additional | ®Part I course: 25 

A di Amputations $30. Topics will include dis- | ®Repeating course within 3 years: half price 

eae. Tap eases and trauma of: e Add 10% within 10 days of the course. 

ea and Anus rs i " rary Alimentary Tract e Attendees not in course hotel add $11/day. 
NMS Pediatric Surgery Abdomen e Fees do not include lodging or meals. 

Thyroid Urologic Surgery Breast and Thorax e A deposit of $50 will reserve your position. 

Parathyroid Gynecologic Surgery Head and Neck e Most home study materials will be mailed 

Pituitary Neurosurgery Vascular System after half of the registration fee is received. 

Adrenal Plastic Surgery Endocrine System 


Part II Courses: 
Mar. 9-11 — Los Angeles 


Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 











"Accommodations were comfortable...."* 


GOALS AND LOCATION: The Part Ly 
course is mostly lectures and evening 
mock oral exams to help you prepare for 
your written and oral or recertification 


" home study material was extremely helpful."* 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 


: 

: Name = Cancellation after mailing home study 
pag E T eee : material requires retention of half the fee. 
: City/State/Zip : "I feel [the course] helped me pass the boards. "* 
: Phone For: [] Part I: June 4-10 — St. Louis : gn am HMD 

: 4 C] Part I: Sept. 17-23 — Chicago : ois AE paia e 

: Mail today to: O Part II Course: : 1094 Dawn Lane, P.O. Box 2218 

' a Oe IN 47802 

: 1094 Dawn Lane, Dept. A2 i= x : Terre Haute, 

' P.O. Box 2218 L] Check is enclosed for $ : (800) 356-7537 or (812) 299-5658 


Terre Haute, IN 47802 O Please send more information. *Comments by pantcipants of our courses 
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due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
pores tract infections caused by E coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 
kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by Staphylococcus aureus” (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus soe 
intra-abdominal infections caused by E coli, Klebsiella species (including K pneumoniae*), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus.* 
*Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. mangy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgery, and gastrointestinal “a 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
Aani contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require page and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 
ant Meal 
INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
Hb ap of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 


aminoglycoside. 
DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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developmentally analogous to late childhood and pee in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, pape at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category B: Reproduction studies have been performed in rats 

and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 

USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

In clinical studies, the following adverse effects were consideret related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 

Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
positive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

Hepatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 

7A T reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

(1 in 700). 

Local effects were reported in less than 1.0% of patients and included phiebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


e relevance of these 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
fae in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage” Every 48 hours 


“Dose determined by the type and severity of infection, and susceptibility of the causative —, 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: ee 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 g dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a nod d bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

19 in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in 100 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 
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ROCEPHIN® (ceftriaxone sodium/Roche) 
Before prescribing, please consult complete product information, a summary of which follows: 


INDICATIONS AND USAGE: Rocephin is indicated for the treatment of the. following infections when 
caused by susceptible organisms: 

LOWER RESPIRATORY TRACT INFECTIONS caused by Strep. pneumoniae, Streptococcus spe- 
cies (excluding enterococci), Staph. aureus, H. influenzae, H. parainfluenzae, Klebsiella species 
(including K. pneumoniae), E. coli, E. aerogenes, Proteus mirabilis and Serratia marcescens. 


SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. a..eus, Staph. epidermidis, Strep- 
tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
J niae), Proteus mirabilis and Pseudomonas aeruginosa. 


URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli. Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae) 


UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains. 


PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 

BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
_K. pneumoniae. 

BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 

species (excluding enterococci), E. coli, P. mirabilis, K. pneumoniae and Enterobacter species. 


INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 


MENINGITIS caused by H. influenzae, N. ineningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 


SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
À taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
t whom infection at the operative site presents serious risk (e.g., during coronary artery bypass 
surgery). 
Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlled trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 


SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 

CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 


WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 

CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 

ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 

ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 

DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 

PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
b ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 


Treatment with terial agents alters normal flora of the colon and may permit overgrowth 
E Sa toxin produced by Clostridium difficile is one primary cause of 
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sbr pseudomembranous colitis, initiate therapeutic measures. Mild 
NOUS colitis usually respond to drug discontinuation alone. In moderate to 
S management with fluids and electrolytes, protein supplementation and 
‘oral \ertibacteria! drug effective against C. difficile. 
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s recovered from surgical specimens. Discontinue ther- 
mp ptoms suggestive of gallbladder disease; consider con- 
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d renal excretion (see Clinical Pharmacology). Therefore, 
nọ adjustment i in dosage when usual doses of Rocephin 
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itoring of setum concentrations. — 
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Ot ew.vitamin K stores (e.g., chronic hepatic disease and mal- 

i a: a ecessaryift time during Rocephin treatment. Vitamin K ad- 
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ROCEPHIN® (ceftriaxone sodium/Roche) EA ‘ates? 
Nonteratogenic Effects: In rats, in the Segment | (erty and general reproduction) and Seç 


istered ceftriaxone, Me mape: tert 
noted on various reproductive parameters during gestation NEn i 
functional behavior and reproductive ability of the offspring, at doses of 586 or less. Ge 


NURSING MOTHERS: Low concentrations of ceftriaxone are excreted in human milk, Caution 
should be exercised when Rocephin is administered to a nur woman, 


PEDIATRIC USE: Satety and effectiveness of Rocephin in neonates, infants and children fia f 
established for the dosages described in the Dosage and Administration section. in Vitro 
have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from serum 
min. Rocephin should not be administered to hyperbilirubinemic neonates, especially 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical triais, the following radivehee®= ii 
reactions, which were considered to be related to Roceph of uncertain etiology, were 
observed: 

LOCAL REACTIONS—pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (less than 1%) was phlebitis after I.V. administration. 

HYPERSENSITIVITY—rash (1.7%). Less frequently reported (less fhan 1%) were pruritus, fever 
or chills. 

HEMATOLOG/IC— eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (21%). Less frequent- 
ly reported (less than 1%) were anemia, neutropenia, lymphopenia, thrombocytopenia and prolon- 
gation of the prothrombin time. 

GASTROINTESTINAL—diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or 
vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). 


HEPATIC—elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the poce of casts in the urine. 


* CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%). 
GENITOURINARY —moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCÊLLANEOUS—diaphoresis and flushing were reported oc- 
casionally (less than 1%). 

Other rarely observed adverse reactions (less than 01%) liii 
leukocytosis, lymphocytosis, monocytosis, basophilia, a decrease ~’ 
in the prothrombin time, jaundice, gallbladder sludge. ean 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis; flatulence; dyspepsia, palpi and epistaxis. 
DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 lo 
2 gm given once a day (or in equally divided doses twice a day) 
depending on the type and severity of the infection. The total daily 
dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infections in ehildren. other 
than meningitis, the recommended total daily dose is 50 to 75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared. 
The usual duration is 4 to 14 days: in complicated infections longer 
therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be 
administered with or without a loading dose of 75 mg/kg. 


For the treatment of uncomplicated gonococeal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), siroj dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 


When treating infections caused by Streptococcus pyogenes, therapy shouid be continued for at 
least ten days. 






„No dosage adjustment is necessary for patients with impairment of rena! or hepatic function; how- 


ever, blood levels should be one tr in patients with severe renal impairment {e.g.. dialysis pa- 


tients) and in patients with jal and hepagic dysfunctions. 
HOW SUPPLIED: Rocephin ( ium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback botties. following packages are available: 


Vials containing 250 mg, 500 mg. 1 gm or 2 gm equivalent of ceftriaxone; piggyback bottles con- 
taining 1 gm or 2 gm equivalertt of ceftriaxone; bulk y containers containing 10. gm equiv- 
alentof ceftriaxone (NOT FOR DIRECT ADMINISTRATION). 

Also supplied as a sterile crfStatiine powder as follows: 

ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone. 

Also supplied premixed as ajrozen aay. sterile, ro ae solution of ceftriaxone so- 
dium in 50 mL single dose p! rs.t as follows 


: with appyoximately 1.9 gm dextrose ONS, USP 








: p 
2 gm equivalent of ceftriaipe" so-osqor yin approximately 1.2 gm dextrose hydrous, USP 
added. 9 






NOTE: Rocephin in the froz@# state should not be stored above -20°C. o's 
“Registered trademark of Laboratories. Inc. 
tManufactured for Roche Labor. a division’>f Hoffmann-La Roche Inc., by Travenol Laif 
ratories. Inc., Deerfield, \yinois 
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AXID® 


nizatidine capsules 


Brief Summary. Consult the package literature for complete 
information. 
indications and Usage: 1. Active duodenal ulcer — for up to eight weeks 
of treatment. Most patients heal within four weeks 
2. Maintenance therapy — for healed duodenal ulcer patients at a 
reduced dosage of 150 mg h.s. The consequences of therapy with Axid 
for longer than one year are not known 
Contraindication: Known hypersensitivity to the drug. Use with caution 
in patients with hypersensitivity to other H»-receptor antagonists 
Precautions: Genera/— 1. Symptomatic response to nizatidine therapy 
does not preciude the presence of gastric malignancy 
2, Dosage should be reduced in patients with moderate to severe 
renal insufficiency 
3. In patients with normal renal function and uncomplicated hepatic 
dysfunction, the disposition of nizatidine is similar to that in normal 
subjects 
Laboratory Tests — False-positive tests for urobilinogen with 
Multistix® may occur during therapy 
Drug Interactions — No interactions have been observed with the- 
ophylline, chlordiazepoxide, lorazepam, lidocaine, phenytoin, or war 
farin. Axid does not inhibit the cytochrome P-450 enzyme system 
therefore, drug interactions mediated by inhibition of hepatic metabo- 
lism are not expected to occur. In patients given very high doses (3,900 
mg) of aspirin daily, increased serum salicylate levels were seen when 
nizatidine, 150 mg b.i.d., was administered concurrently 
Carcinogenesis, Mutagenesis, Impairment of Fertility — A two-year 
oral carcinogenicity study in rats with doses as high as 500 mg/kg/day 
(about 80 times the recommended daily therapeutic dose) showed no 
evidence of a carcinogenic effect. There was a dose-related increase in 
the density of enterochromaffin-like (ECL) cells in the gastric oxyntic 
mucosa. In a two-year study in mice, there was no evidence of a Car- 
Scinogenic effect in male mice; although hyperplastic nodules of the liver 
were increased in the high-dose males as compared with placebo 
Female mice given the high dose of Axid (2,000 mg/kg/day, about 330 
times the human dose) showed marginally statistically significant 
increases in hepatic carcinoma and hepatic nodular hyperplasia with no 
numerical increase seen in any of the other dose groups. The rate of 
hepatic carcinoma in the high-dose animals was within the historical 
control limits seen for the strain of mice used. The female mice were 
given a dose larger than the maximum tolerated dose, as indicated by 
excessive (30%) weight decrement as compared with concurrent con- 
trols and evidence of mild liver injury (transaminase elevations). The 
occurrence of a marginal finding at high dose only in animals given an 
excessive and somewhat hepatotoxic dose. with no evidence of a 
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Minimal potential for 
drug interactions 


Unlike cimetidine and ranitidine,’ Axid 
does not inhibit the cytochrome P-450 
metabolizing enzyme system.’ 


Swift and effective 
H,-antagonist therapy 


m ost patients experience 
pain relief with the first dose ° 
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rapidly and effectively*° 
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carcinogenic effect in rats, male mice, and female mice (given up to 360 Hepatic — Hepatoceliular injury (elevated liver enzyme tests or 


mg/kg/day, about 60 times the human dose), and a negative muta 
genicity battery are not considered evidence of a carcinogenic potential 
for Axid 

Axid was not mutagenic in a battery of tests performed to evaluate its 
potential genetic toxicity, including bacterial mutatiom tests 
unscheduled DNA synthesis, sister chromatid exchange, mouse lym- 
phoma assay, chromosome aberration tests, and a micronucleus test 

In a two-generation, perinatal and postnatal fertility study in rats 
doses of nizatidine up to 650 mg/kg/day produced no adverse effects on 
the reproductive performance of parental animals or their progeny 

Pregnancy — Teratogenic Effects — Pregnancy Category ( Oral 
reproduction studies in rats at doses up to 300 times the human dose 
and in Dutch Belted rabbits at doses up to 55 times the human dose 
revealed no evidence of impaired fertility or teratogenic effect; but, ata 
dose equivalent to 300 times the human dose, treated rabbits had abor- 
tins, decreased number of live fetuses, and depressed fetal weights. On 
intravenous administration to pregnant New Zealand White rabbits 
nizatidine at 20 mg/kg produced cardiac enlargement, coarctation of 
the aortic arch, and cutaneous edema in one fetus and at 50 mg/kg it 
produced ventricular anomaly, distended abdomen, spina bifida, hydro 
cephaly, and enlarged heart in one fetus. There are, however, no ade 
quate and well-controlled studies in pregnant women. It is also not 
known whether nizatidine can cause fetal harm when administered to a 
pregnant woman or can affect reproduction capacity. Nizatidine should 
be used during pregnancy only if the potential benefit justifies the poten 
tial risk to the fetus 

Nursing Mothers — Studies in lactating women have shown that 0.1' 
of an oral dose is secreted in human milk in proportion to plasma 
concentrations. Because of growth depression in pups reared by treated 
lactating rats, a decision should be made whether to discontinue nurs 
ing or the drug, taking into account the importance of the drug to the 
mother 

Pediatric Use — Safety and effectiveness in children have not 
established 

Use in Elderly Patients — Healing rates in elderly patients were similar 
to those in younger age groups as were the rates of adverse events and 
laboratory test abnormalities. Age alone may not be an important factor 
in the disposition of nizatidine. Elderly patients may have reduced rena 
function 
Adverse Reactions: Clinical trials of varying durations included almost 
5,000 patients. Among the more common adverse events in domestic 
placebo-controlled trials of over 1,900 nizatidine patients and over 1,300 
on placebo, sweating (1% vs 0.2%), urticaria (0.5% vs <0.01%), and 
somnolence (2.4% vs 1.3%) were significantly more common with 
nizatidine. It was not possible to determine whether a variety of fess 
common events were due to the drug 


been 


alkaline phosphatase) possiblysom probably related to nizatidine 
occurred in some patients. In some cases, there was marked elevation 
(>500 IU/L) in SGOT or SGPT @nd, in a single instance, SGPT was 
-2,000 IU/L. The incidence of afeyated liver enzymes overall and eleva- 

tions of up to three times the upper limit of normal, however, did not 
significantly differ from that in placebo patients. All abnormalities were 
reversible after discontinuation of Axid 

Cardiovascular —\n clinical pharmacology studies, short.gpisodes of 
asymptomatic ventricular tachycardia occurred in two individuals 
administered Axid and in three untreated subjects 

CNS —Rare cases of reversible mental confusion have been reported 

Endocrine — Clinical pharmacology studies and controlled clinical 
trials showed no evidence of antiandrogenic activity due to nizatidine 
Impotence and decreased libido were reported with equal frequency by 
patients on nizatidine and those on placebo. Gynecomastia has been 
reported rarely 

Hematologic — Fatal thrombocytopenia was reported in a patient 
treated with nizatidine and another Ho-receptor antagonist. This patient 
had previously experienced thrombocytopenia while taking other drugs 
Rare cases of thrombocytopenic purpura have been reported 

Integumental — Sweating and urticaria were reported significantly 
more frequently in nizatidine- than in placebo-treated patients. Rash and 
exfoliative dermatitis were also reported 

Hypersensitivity — AS with other Ho-receptor antagonists, rare cases 
of anaphyiSiSoiowing nizatidine administration have been reported 
Because cro sensat among this class has been observed, Ho- 
receptor antagonists sfould not be administered to those with a history 
of hypersensitivity to these agents. Rare episodes of hypersensitivity 
reactions (eg, bronchospasm, laryngeal edema, rash, and eosinophilia) 
have been reported 

Other—Hyperuricemia unassociated with gout or nephrolithiasis was 
reported. Eosinophilia, fever, and nausea related to nizatidine have been 
reported 
Overdosage: Overdoses of Axid have been reported rarely. If overdosage 
occurs, activated charcoal, emesis, or lavage should be considered 
along with clinical monitoring and supportive therapy. Renal dialysis for 
four to six hours increased plasma clearance by approximately 84% 
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(hydrocodone bifartrate Smg [Warning: May be habit forming) 4 
and acetaminophen 500 mg) 1 


® x 
-yicodin ES“ 
(hydrocodone era thay [Warning May be hobit forming] 
nd 


and acetaminophen 750 mg) 


INDICATIONS AND USAGE: For the relief of moderate to moderately 


a e 
severe pain. 
CONTRAINDICATIONS: Hypersensitivity to acetaminophen or 


Now Available in Paperback! 





hydrocodone. 
e WARNINGS: a 
Allergic-Type Reactions: VICODIN/VICODIN ES Tablets contain sodium 
metabisulfite, a sulfite that may cause mows reactions including 
anaphylactic symptoms and life-threatening or less severe asthmatic 
episodes in certain susceptible people. 
Respiratory Depression: At high doses or in sensitive patients, 


e hydrocodone may produce dose-related respiratory depression. 
Head Injury and Increased Intracranial Pressure: The respiratory 
ressant effects of narcotics and their capacity to elevate cerebrospi- 
nal fluid pressure may be markedly exaggerated in the presence of head 
injury, other intracranial lesions or a preexisting increase in intracranial 


bd be pressure. Furthermore, narcotics produce adverse reactions which may 
obscure the clinical course of patients with head injuries. 
Acute Abdominal Conditions: The administration of narcotics may 
obscure the diagnosis or clinical course of patients with acute abdominal 
conditions. 
PRECAUTIONS: 
Special Risk Patients: VICODIN/VICODIN ES Tablets should be used 
with caution in elderly or debilitated patients and those with severe 
impairment of hepatic or renal function, hypothyroidism, Addisons dis- 
ease, pon hypertrophy or urethral stricture. 
Cough Reflex: Hydrocodone suppresses the cough reflex; as with all 
narcotics, caution should be exercised when VICODIN/VICODIN ES Tab- 
lets are used postoperatively and in patients with pulmonary disease. 
Drug Interactions: Patients receiving other narcotic analgesics, oy 
chotics, antianxiety agents, or other CNS depressants (including alcoho!) 
concomitantly with VICODIN/VICODIN ES Tablets may exhibit an additive 
CNS depression. The use of MAO inhibitors or tricyclic antidepressants 
with hydrocodone preparations may increase the effect of either the 
antidepressant or hydrocodone. The concurrent use of anticholinergics 
with hydrocodone may produce paralytic ileus. 
Usage in tag od 
Teratogenic Effects: pean Category C. Hydrocodone has been 
shown to be teratogenic in hamsters when given in doses 700 times the 
human dose. There are no adequate oh well-controlled studies in 
pregnant women. VICODIN/ VICODIN ES Tablets should be used during 
peyan only if the potential benefit justifies the potential risk to the 
etus. 
Nonteratogenic effects: Babies born to mothers who have been tak- 
ing opioids regularly prior to delivery will be physically dependent. The 
withdrawal signs include irritability and excessive crying, tremors, hyper- 
active reflexes, increased respiratory rate, increased stools, sneezing, 
yawning, vomiting, and fever. 
Labor and Delivery: Administration of VICODIN/VICODIN ES Tablets to 
the mother shortly before delivery may result in some degree of respira- 
tory depression in the newborn, especially if higher doses are used. 
Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions in nursing infants 





Extraordinary Care 


Í from VICODIN/VICODIN ES Tablets, a decision should be made whether 
hs to ae roy orto pains the drug, taking into account the 
mportanc e Grug to the mother. 

By Dennis L. Breo : Ne ; 2 , Pediatric pe Safety and effectiveness in children have not been 

This collection of exclusive original interviews, compiled over 10 years by es ESA 
: ' : : <n ae ~ The most fr tly observed adverse reacti jude light-headedness, 
AMA journalist Dennis L. Breo, provides new insights into the often jinlar pe ee ar ring eats se 

t tory t i t tient 
controversial medical care of the famous and powerful and profiles many of these adverse reactions may be aleviated i the patient lies down. Other 
. . . . . . a e cti 3 p 

the most intriguing names in medicine. These remarkable stories, told from Central Nervous System: Drowsiness, mental clouding, lethargy impair- 
the perspective of the physicians who lived them, resonate with a timeless heme ee 
authenticity. Gastrointestinal System: The antiemetic phenothiazines are useful in 


suppressing the nausea and vomiting which may occur (see above); 
however, some phenothiazine derivatives seem to be antianalgesic and 


Award-winning investigative reporter Dennis L. Breo, is the Special crasse he ao f aE reaa a 
Assignments Editor of the American Medical Association. His position Nae 
has gained him unique access to the physicians involved in the most ie peel de wari a ara li <a 
significant controversiesof recent medicine. er pes derea aphan reg a 
"Caioline the Medical Sphi n rae Soa be moi abo fects he center breathing ff sifican 
FE J g e edica p! = to talk respiratory depression occurs, it may be antagonized by the use of 
A monument .... from the inimitable Dennis L. Breo... the breadth of his RUC AMUSE AND LEE T PeaSUrS When indicated 
exposure is unmatched by any other medical journalist... penetrating a A A AARI Pose AAA aN AAAA ex 
interviews... entrancing narrative... We can only hold Dennis Breo's hat, while en VICODIN AODA ES TENAS SRON be presetbed and admis 
tipping our own, as this diligent investigator recounts his findings.” OVERDOSAGE. ` 
- from the review in JAMA see a ari aiga an ropidh y ber genai g saa 
serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and 
"Extraordinary Care is an extraordinarily good book." oy et aaa Ta ous a arto pangore Dat iat 
- from the foreword by Dr.William Nolen, author of The Making of a Surgeon At ean toa T T A 


Hydrocodone Signs and Symptoms: Serious overdose with 
hydrocodone is characterized by respiratory depression (a decrease in 


Available in fine bookstor es everywh ere $ 4 9 5 respiratory rate and/or tidal volume, Cheyne-Stokes respiration, (cyano- 


sis), extreme somnolence progressing to stupor or coma, skeletal muscle 


For convenient telephone ordering call Random House Customer Service at faas oki ama ogay AE ceteris Gua 


tension. In severe overdosage, apnea, circulatory collapse, cardiac arrest 


1-800-733-3000 and death may occur. 
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VA ` PRESCRIBING 
< | RESTRICTIONS 


Plus . . . Excellent patient acceptance 
è Few reported side =ffects* 


Pain relief that lasts 
è Four to six hours of extra strength pain relief 


The heritage of VICODIN’ ** 
è VICODIN is the 24thn most frequently 
prescribed medication in America? 


* (hydrocodone bitartrate 7.5mg [Warning: May be habit forming} 
and acetaminophen 750 mg) 


sie Tablet for tablet, 
F the most potent analgesic you can phone | 


. **(hydrocodone bitartrate 5 mg [Warning: May be habit forming] and acetaminophen 500 mg) 


(ee j 
eet 
1. Data on file. Knoli Pharmaceuticals 
© 1989, BASF K&F Corporation 2. Standard industry new prescription audit 
5825/5-89 Please see adjacent page for brief summarpof prescribing information 
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Ferris M. Hall, MD, Boston, Mass 
invited Commentary: Alexander J. Walt, MD, Detroit, Mich 


PAPERS READ BEFORE THE ANNUAL MEETING OF THE SOCIETY OF SURGICAL 


ONCOLOGY, SAN FRANCISCO, CALIF, MAY 21 TO MAY 24, 1989— PART II 

Carcinoembryonic Antigen Enhances Metastatic Potential of Human Colorectal Carcinoma .................. 300 
Richard B. Hostetter, MD; Debora E. Campbell; Kefung Chi, MD; Susan Kerckhoff; Karen R. Cleary, MD; 
Steve Ullrich, PhD, Houston, Tex; Peter Thomas, PhD, Boston, Mass; J. Milburn Jessup, MD, Houston, Tex 


e Carcinoembryonic antigen enhanced experimental metastasis in a low metastatic human colorectal 


carcinoma (KM-12c) but did not alter the metastatic potential or high metastatic or nonmetastatic lines. 
Seroma Prevention Using Fibrin Glue in a Rat Mastectomy Model ....... 2.2... ee 


William H. Lindsey; Thomas M. Masterson, MD; William D. Spotnitz, MD; 


Morton C. Wilhelm, MD; Raymond F. Morgan, MD, Charlottesville, Va 


è Topical fibrin glue is statistically significant in decreasing postmastectomy 


seroma formation in the Sprague-Dawley rat. 
Tumor Immunization: Improved Results After Vaccine 


Modified With Recombinant Interferon Gamma ......... 


Robert K. Sigal, MD; Michael D. Lieberman, MD; John V. Reynolds, FRCS; Noel Williams, FRCS; 


Moritz M. Ziegler, MD; John M. Daly, MD, Philadelphia, Pa 


è Modification of tumor with recombinant interferon gamma before introduction 


as a vaccine may improve that vaccine’s protective capability. 


Patterns of Failure in Anorectal Melanoma: A Guide to Surgical Therapy ........ 2.2... aanas aka 313 
Merrick Ross, MD; Christopher Pezzi, MD; Thomas Pezzi; Dennis Meurer, MD; 


Robert Hickey, MD; Charles Balch, MD, Houston, Tex 


@ Local excision is recommended when technically feasible since these patients 


eventually succumb to metastasis regardless of surgical therapy. 


Isolated Limb Perfusion for Localized Melanoma of the Extremity: A Matched Comparison of 
Wide Local Excision With Isolated Limb Perfusion and Wide Local Excision Alone......................... 317 
Michael J. Edwards, MD, Houston, Tex; Seng-Jaw Soong, PhD, Birmingham, Ala; Arthur W. Boddie, MD; 


Charles M. Balch, MD; Charles M. McBride, MD, Houston, Tex 


è Isolated limb perfusion with melphalan may improve survival in selected 
patients with malignant melanoma and justifies continued prospective trials. 
Prognosis of Thick Cutaneous Melanoma of the Trunk and Extremity... ... 0... 2.0. 2 ee 322 
Daniel Coit, MD; Paul Sauven, MD, FRCS; Murray Brennan, MD, New York, NY 
è Half of the patients with extremity and truncal TCM present with locoregional disease warranting 
aggressive surgical approach; with negative nodes the 5-year survival is superior to previous reports. 
Stage B Prostate Adenocarcinoma: Flow Cytometric Nuclear DNA Ploidy Analysis ........................ 327 
B. T. Montgomery, MD; Ofer Nativ, MD; Michael L. Blute, MD; George M. Farrow, MD; Robert P. Myers, MD; 
Horst Zincke, MD; Terry M. Therneau, PhD; Michael M. Lieber, MD, Rochester, Minn 
è Nuclear DNA content has prognostic significance for patients with prostatic adenocarcinoma. 


Invited Commentary: Donald G. Skinner, MD, Los Angeles, Calif 


Ablation of Abnormal Energy Expenditure by Curative Tumor Resection ....._.. 


James D. Luketich, MD; James L. Mullen, MD; Irene D. Feurer, MSEd; 
Jonathan Sternlieb, MD; Robert C. Fried, MD, Philadelphia, Pa 


è Abnormal energy expenditure in patients with cancer cannot be 


attributed solely to abnormal host body composition. 
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incorporation and possessing 
both strength and superior 
handling, is used in even the 
most demanding soft 
tissue repairs. 

Clinical experience shows 


that the GORE-TEX” Soft 


Tissue Patch provides depend- 


able reinforcement and 
suture retention, low levels of 
complications, and con- 
forms easily to the contours of 
the natural tissue. 
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hernia repair. 


And yet, the high, 
balanced strength of 
the Soft Tissue 
Patch does not = 
sacrifice the softness 
of the material. The 
result is less tissue irrita- 
tion and greater comfort 
for the patient postoperatively. 
Also, it is highly versa- 
tile. It is widely used in clinical 
applications ranging from 
hernia repairs, including large 
abdominal wall defects, to 
prolapse, banding and recon- 
struction of tissue deficiencies. 
Tissue ingrowth is encour- 
aged by the microporous 


structure of the GORE-TEX 
Soft Tissue Patch, unlike 
other prostheses that can 
become encapsulated by 
fibrous scar tissue. Recent 
clinical publications and 
experience support greater 
tissue acceptance and 

a significantly lower inci- 

dence of visceral adhe- 

sions in the experimental 

model. 
Packaged sterile, the 
GORE-TEX Soft Tissue 


~ Patch comes in both 


7 | 1.0mm and 2.0mm thick- 
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TIMENTIN: 


icarclllin disodium 
Clavulanate potassium 


Covers the distance for 
48 hours of certainty in 
surgical wound infections 


W Anaerobic activity* superior to cephalosporins and clindamycin’ 


E Potent B-lactamase destruction of Gram-positive and Gram-negative 
bacteria? 


W Single-agent certainty in mixed infections* 


| ORTER clinical PORN and cost-effectiveness 
*/n vitro activity does not necessarily imply in efficacy. 


Usual dosage 
5.1 g every 6 hours 


me Beecham 
Please see adjacent page for brief summary of prescribing information. 
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PE e a n dato INTERNATIONAL HEPATO-BILIARY-PANCREATIC 
INDICATIONS AND USAGE: TIMENTIN® is indicated in the treatment ASSOCIATION 


of infections caused by susceptible strains of the designated 


organisms in the conditions listed below: 
Bace rial senticomia. including bacteremia, caused by B-lactamase 
E ionns rrano tail Gar PAAS pores) 
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tection E ains of Staphylococcus aureus. Skin and Skin Structure 
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(complicated and uncomplicated): caused by B-lactamase | The International Hepato-Biliary-Pancreatic Association invites 


producing strains of £. coli, Klebsiella spp., seudomonas aeruginosa 
itrob 


(and other Pseudomonas species), Citrobacter spp., Enterobacter | applications for the above traveling Fellowship. A stipend of 5000 SFr 


cloacae, safes marcescens, and Staphylococcus aureus . 


Fngometritis caused by B-lactamase | (approx $3200 American Dollars) is available to subsidize a young 


producing strains of B. melaninogenicus; Enterobacter spp. (including 


e and S coli Klebsiela pneumoniae; Staphylococcus | investigator in the field of hepato-biliary and pancreatic disorders. The 


While TIMENTIN is indicated only for the conditions listed above, applicant must be sponsored by a member of the Association The 


eons aare oy Scarin cha ad ie or omame are o 
amenable to reatment due to its ticarcillin content. : ‘As 
me mixed — caused by ticarcillin as z aame stipend may be used to support a laboratory project and/ or to subsidize 
and §-lactamase producing organisms susceptible to : . 
should not require the addition of another antibiotic travel expenses which are deemed appropriate to the field of 
ADVERSE REACTIONS: As with other penicillins, the following e tigati 
adverse reactions may occur: Hypersensitivity reactions: skin rash, inves ga on. 
pruritus, urticaria, arthralgia, myalgia, drug fever, chills, chest 
ose il ay ane anaphylactic deg Cen eb oe erem 
eadache, giddiness, neuromuscular hyperirritability or convulsive : : . +s : 
seizures. Gastrointestinal disturbances: disturbances of taste and Applications Should be made in writing and should include the 
smell, stomatitis, flatulence, nausea, vomiting and diarrhea, eee foe a 
pain. Hemic and Lymphatic systems: thrombocytopenia, leukopenia, following: 
se le eosinophilia and reduction of hemoglobin or hematocrit. 
rolongation of prothrombin time and bleeding time. Abnormalities 
of hepatic and renal function tests: elevation of serum aspartate 
aminotransferase cn bd serum alanine aminotransferase (SGPT), 1. 
serum alkaline phosphatase, serum LDH, serum bilirubin. Rarely, 
transient hepatitis and cholestatic jaundice-as with some other pm 
penicillins and some cephalosporins. Elevation of serum creatinine 


a copy of the applicant’s curriculum vitae; 
a summary of 1-2 pages of a research protocol describing how the 


and/or BUN, hypernatremia. Reduction in serum potassium and uric stipend is to be used; 
acid. Local reactions: pain, burning, swelling and induration at the z x Eaa 
injection site and thrombophlebitis with intravenous administration. Y a letter of nomination from a member of the Association. 


Overdosage: As with other penicillins, TIMENTIN in overdosage has 
the potential to cause neuromuscular hyperirritability or convulsive 
seizures. Ticarcillin may be removed from circulation by hemodialysis. 
The molecular weight, degree of protein binding and pharmacokinetic 
profile of clavulanic acid together with information from a single 


patient with renal insufficiency all suggest that this compound may Send the application to Haile T. Debas, M.D., University of 


also be removed by hemodialysis. 
NTRAINDICATIONS: TIMENTIN is contraindicated in pati . : : > 
wih a history of Pypersensitviy reactions tany or the cits California, San Francisco, Department of Surgery, San Francisco, 
HYPERSENSITIVITY (ANAPHYLACTOID) REACTIONS HAVE BEEN CA 94143-0104, USA. by 30 May 1990. 
INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING 
content, given in divided doses a to 6 hours. In urinary tract 


PORTED IN PATIENTS ON PENICILLIN THERAPY, THESE 
INTUBATION, SHOULD ALSO BE PROVIDED AS INDICATED. 
infections, a dosage of 3.2 Gm TIMENTIN fai Gm vial containing 3 












HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR A HISTORY 
OF SENSITIVITY TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
uey of the penicillin group of antibiotics, organ system functions 
should be assessed periodically during therapy. i 
Bleeding manifestations have occurred in some patients receivin 
ßB-lactam antibiotics. These reactions have been associated wit 
abnormalities of coagulation tests such as clotting time, platelet 
op ha nage and prothrombin time and are more likely to occur in 
atients with renal impairment. If bleeding manifestations appear, 
saaki treatment should be discontinued and appropriate therapy 
nstituted. 
TIMENTIN has only rarely been reported to cause hypokalemia. 
Periodic monitoring of serum potassium may be advisable in patients 
receiving prolonged therapy. 
Pregnancy Category B): Reproduction studies have been 
performed in rats given doses up to 1050 moka day and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequate and well-controlled 
Studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be used 
oat, pregnancy only if clearly needed. 
DOSAGE AND ADMINISTRATION: TIMENTIN should be 


HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS 
WHEN TREATED WITH CEPHALOSPORINS. BEFORE INITIATING 
THERAPY WITH TIMENTIN, CAREFUL INQUIRY SHOULD BE MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OR OTHER DRUGS. IF AN 
ALLERGIC REACTION OCCURS, TIMENTIN SHOULD BE 
DISCONTINUED AND THE APPROPRIATE THERAPY INSTITUTED. 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE acer 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
and 100 mg clavulanic acid) pn every 4 to 6 hours. For gynecologic 
infections TIMENTIN should be administered as follows: Moderate 
infections 200 mg/kg/day in divided doses every 6 hours and for 
severe infections 300 mg/kg/day, based on ticarcillin content, in 
divided doses every 4 hours. For pas weighing less than 60 kg, 


EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGE 
the recommended dosage is 200-300 mg/kg/day, based on ticarcillin 





REACTIONS ARE MORE LIKELY TO OCCUR IN INDIVIDUALS WITH A 
PRECAUTIONS: While TIMENTIN possesses the characteristic low CURE FOR DIABETES. 
Gm ticarcillin and 200 mg clavulanic acid) given every 8 hours is 


adequate. Please see official package insert for details on dosages for 
“ge patients, including those with renal insufficiency, and directions 
or use. 

SUPPLIED: 3.1 Gm and 3.2 Gm Standard Vials; 3.1 Gm and 3.2 
Gm Piggyback Bottles; 31 Gm Bulk Pharmacy Package; 3.1 Gm ADD- 
Vantage™ Antibiotic Vial. 

"Efficacy for this organism in this organ system was studied in fewer 
than 10 infections. 7548/H-BS ©1989, Beecham Laboratories 
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No bleeding. = = ~~ No fumbling around. 
— Helistat effectively controls capillary and - Helistat is easily manipulated in the wound, 


diffuse bleeding in 2 to 5 minutes. wet or dry. It can be packed, compressed, 
Helistat is equally effective-wetordry. folded, and cut to any desired shape. 


Clots form rapidly with extreme stability. ; 
o No tearing when sutured. 
No Moving around. -Suture or staple Helistat in place; it's strong 


Adheres firmly, yet removes easily with enough to hold firmly-and can even lend 
local irrigation. Removal does not cause beneficial support to tissue and organs in 
rebleeding. : -selected surgical procedures. 


No coming apart. No sensitivity reactions. 
With its unique Micromesh™ Collagen In a hemagglutination test, no agglutination 
Matrix, Helistat provides an intact, dense, was observed' with Helistat. It can remain 
absorbent, coherent sponge structure. So, safely in situ.’ 

there's no crumbling, shredding, dusting, 

or cracking. 


Remember 


Creating the healing environment 
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- Please see gen information on adjacent page. 
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DESCRIPTION 

HELISTAT® Absorbable Collagen Hemostatic Sponge is a soft, white, pliable, nonfriable absorbent sponge. Because of 

its nonfriable coherent sponge structure, the application of HELISTAT® hemostatic sponge to the site where hemostasis 

is desired is easily controlled. Unwanted dispersal over the operative site is not encountered. 

The basic material from which the HELISTAT® hemostatic sponge is fabricated is collagen obtained from the bovine 

deep flexor (Achilles) tendon, The tendon is considered to be one of the purest sources for collagen that can be readily 

Obtained and processed in commercial amounts. HELISTAT® hemostatic sponge, being derived from this tendon, is 

expected to be a very consistent matenal. 

Because of the initial purity of the collagen source and the further purification effected through several purification steps 

during the processing of the HELISTAT® hemostatic sponge, uniform behavior from this topical hemostat from one 

application to the next is to be expected. 

INDICATIONS 

HELISTAT® hemostatic sponge is indicated in surgical procedures (other than in neurological, ophthalmological, and 
. urological surgery) as an adjunct to hemostasis when control of bleeding by ligature or conventional procedures is 

inefficient or impractical. 

INFORMATION FOR USE 

On contact with blood, collagen is known to cause aggregation of platelets. Platelets deposit in large numbers on the 

collagen structure, degranulate, and release coagulation, factors that, together with plasma factors, enable the formation 

of fibrin, The spongy structure of HELISTAT® hemostatic sponge provides for the additional strengthening of the clot. 


Topical application of HELISTAT® hemostatic sponge controls bleeding usually within two to five minutes when applied 
directly to the bleeding site. It can be applied directly to the bleeding site and should not be inadvertently dispersed 
over areas of the open body cavity. Long-term effects of leaving HELISTAT® hemostatic sponge in situ are presently 
unknown, 


HELISTAT® hemostatic sponge is designed to be totally absorbable if left in situ after hemostasis. If desired, recovery of 
the sponge after hemostasis is easily accomplished. Implant studies in animals have demonstrated HELISTAT® hemo- 
Static sponge to be absorbed with tissue reaction similar to that observed with other absorbable hemostatic agents. 


HELISTAT® hemostatic sponge absorption was evaluated after subcutaneous and intrahepatic implantation in rats. In 
one out of five animals, complete subcutaneous absorption was observed by day 14, and by day 56, three out of four 
animals had complete absorption. Complete intraperitoneal absorption was not observed by day 56. As shown with 
other hemostatic agents, the implantation of HELISTAT® hemostatic sponge also elicits a similar foreign body reaction. 

HELISTAT® hemostatic sponge had been evaluated in vitro for the enhancement of bacterial growth of Staphylococcus 
aureus and Escherichia coli, The test showed that bacterial growth of Staphylococcus aureus and Escherichia coli was 


rol enhanced by HELISTAT® hemostatic sponge. If you're looking for some good 


In vivo studies using guinea pigs showed that the incidence of infection (abscess) of incision sites inoculated with 


Staphylococcus aureus was not enhanced by the presence of HELISTAT® hemostatic sponge when compared to reading ‘ you ‘ve just found it é The 4 


another collagen hemostatic agent. However, extent of wound infection tended to be greater than the contro! with both 


HELISTAT® hemostatic sponge and another collagen hemostatic agent tested. This tendency is observed with many ‘ 
iiag otn free Consumer Information 
HELISTAT® hemostatic sponge was evaluated for potential allergenic sensitivity. A guinea pig maximization study 

showed that the HELISTAT® hemostatic sponge did not produce irritation or contact sensitization. A chemical assay of Catalo 

HELISTAT® hemostatic sponge compared to one other collagen hemostat showed significantly less specific glyco- g ° 


protein immunoreactive substances in HELISTAT® hemostatic sponge. A hemagglutination study was conducted 
oe, the HELISTAT® hemostatic sponge as the antigen. There was no agglutination observed with HELISTAT® 
Sponge. 
PRECAUTIONS i 
As with other hemostatic agents, it is not recommended that the HELISTAT® hemostatic sponge be left in an infected or The Catalog lists ab out 2 OO feder al 


contaminated space. Safety of this product has not been established in pregnant women. 


The HELISTAT® hemostatic sponge is not intended to be used in treating systemic coagulation disorders. publications ) many of them free i 


Long-term effects of leaving HELISTAT® hemostatic sponge in situ presently are unknown, 


ADMINISTRATION at Ti 
~ HELISTAT® — sponge should be —_— directly to the bleeding Wheat with pressure applied. The period They can help you e right f 

of time necessary to pressure will vary with the type and amount of to be controlled. In general, one to 

fve minutes should be suficient, it has been shown that hemostasis usualy occurs within two to fve minutes. The manage your money, stay 
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excess of the HELISTAT® hemostatic sponge prior to wound closure. | ' he althy 1 plan your child S y 
ADVERSE REACTIONS 


Adverse reactions reported with a microfibrilar collagen hemostatic agent that were possibly related to its use were education : learn about federal 


adhesion formation, allergic reaction, foreign body reaction, and subgaleal seroma (report of a single case). The use of 


microfibrillar collagen in dental extraction sockets has been reported to increase the incidence of alveolaigia. ; 
Microfibrillar collagen has also been reported to cause interference with the healing of skin edges when used in the benefits and more ' 
closure of skin incisions and to reduce the strength of methyl methacrylate adhesive when used to attach prosthetic 
devices to bone surfaces. 
Since the HELISTAT® hemostatic sponge is a collagen-based product, adverse reactions experienced with the 
(sl egal ea a am SO sharpen your pencil. Write for 
Sterile HELISTAT® Absorbable Collagen Hemostatic Sponge is supplied in the following sizes: : 
Product Number Size Quantity the free Consumer Information 
1174-198001 1 in x 2 in (2.5 cm x 5.0 cm) 10/box C t ] A ; 
2 sq in (12.5 sq cm) 
sities E EANN with atalog. And get reading worth 
12 sq in (75 sq cm) He E. 
1174-198003 gina 10in (23 omx 25 cm Stos writing for. 
90 sq in (575 sq cm) 
Issued 12/88 


Available exclusively from and manufactured for: 
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Manuscripts are to be sent by first-class mail to the 
Editor, Claude H. Organ, Jr, MD, Professor, Dept of 
Surgery, University of California—Davis, East Bay 1411 E 
81st St, Oakland, CA 94602. The procedures listed must 
be followed carefully and all materials requested must be 
enclosed for prompt review and consideration for publica- 
tion in the Archives of Surgery. Use the checklist to ensure 
completeness. | 

Manuscript Preparation. — The original typescript and 
two high-quality copies of the entire manuscript must be 
submitted, including copies of all illustrations, legends, 
tables, and references. All copy, including references, 
legends, and tables, must be typed double-spaced on 
8⁄2 x 11-in, heavy-duty white bond paper. Margins must be 
at least 1 in. If a word processor is used, do not use 
justified right margins. 

Abstract. — Submit an abstract (185-word maximum) of 
the manuscript, which must include a statement of the 
problem, methods of study, results, and conclusions. The 
synopsis-abstract replaces a summary or conclusions. 

Copyright.—A copyright release form signed by all 
authors of manuscripts, brief communications, and corre- 
spondence is required by the Copyright Revision Act of 
1976. The following statement, dated and signed by all 
authors, may be used: “In consideration of the American 
Medical Association’s taking action in reviewing and 
editing my submission, the author(s) undersigned 
hereby transfers, assigns, or otherwise conveys all copy- 
right ownership to the AMA in the event that such work 
is published by the AMA.” 

Financial Interest.—List all affiliations with or finan- 
cial involvement in any organization or entity with a direct 
financial interest in the subject matter or materials of the 
research discussed in the manuscript (eg, employment, 
consultancies, stock ownership). All such information will 
be held in confidence during the review process. Should 
the manuscript be accepted, the Editor will discuss with 
the author the extent of disclosure appropriate for publi- 
cation. | 

References. — References should be listed in consecutive 
numerical order as they are cited in the text, not alpha- 
betically. Once a reference is cited, all subsequent citations 
should be to the original number. All references must be 
cited in the text or tables. Unpublished data and personal 
communication may not be listed as references. References 
to journal articles should include (1) authors (list all authors 
and/or editors up to six; if more than six, list the first 
three and “et al”), (2) title, (3) journal name as abbreviated 
in Index Medicus, (4) year, (5) volume number, and (6) 
inclusive page numbers —in that order. References to books 
should include (1) authors (list all authors and/or editors 
up to six; if more than six, list the first three and “et al”), 
(2) chapter title, if any, (3) editor, if any, (4) title of book, 
(5) year, (6) city, and (7) publisher. Volume and edition 
numbers, specific pages, and name of translator should be 
included when appropriate. The author is responsible for 
the accuracy and completeness of the references and for 
their correct text citation. 

Author Responsibility. — One author must be designated 
corresponding author, with his or her address and tele- 
phone number provided. All correspondence and copy 
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Instructions for Authors 


editing are sent to this author. The corresponding author 
will receive an edited typescript rather than galley proofs 
for approval. The authors are responsible for all statements 
in their work, including changes made by the copy editor. 
Order reprints at the time the typescript is returned after 
editorial processing. Specify the address to which requests 
for reprints should be sent. 

Titles.— The title must be short, specific, and clear. It 
cannot exceed 42 characters per line, including punctuation 
and spaces, and is limited to two lines. The title page 
should include the full names and academic affiliations of 
all authors. If the manuscript was presented at a meeting, 
indicate the name of the organization, the place, and the 
date on which it was read. 

SI Units.—Use Systéme International (SI) measure- 
ments throughout the manuscript. 

Illustrations.— Use only illustrations that clarify and 
augment the text. Submit illustrations in triplicate, un- 
mounted and untrimmed. Do not send original artwork. 
Send high-contrast glossy prints (not photocopies). Figure 
number, name of senior author, and arrow indicating “top” 
should be typed on a gummed label and affixed to the back 
of each illustration. All lettering must be legible after 
reduction to column size. Artwork submitted for publica- 
tion may be relettered to achieve uniformity of lettering 
style throughout the journal. Illustrations should prefera- 
bly be in a proportion of 5x7 in. Color illustrations are 
accepted for publication if the editors believe that color 
will add significantly to the published manuscript. The 
ARCHIVES will pay only part of the expense of color 
reproduction and printing color illustrations. The author’s 
share of the expense is $400 for up to six square finished 
illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed 
to the author at cost. Positive color transparencies (85-mm 
preferred) must be submitted for an evaluation. Do not 
send color prints unless accompanied by original transpar- 
encies. 


CHECKLIST FOR AUTHORS 

Send: 

è Three copies of manuscript. 

è Three copies of synopsis-abstract. 

è Three copies of attached photographs, legends, 
tables, and/or illustrations clearly marked as de- 
scribed in the instructions. 

è A copyright release statement signed by all au- 
thors. | 

è The address and telephone number of the desig- 
nated corresponding author. 

è Send to Claude H. Organ, Jr, MD 

Archives of Surgery 
Professor, Dept of Surgery 
University of California—Davis, East Bay 
1411 E 31st St 
Oakland, CA 94602 
è Use sufficient postage. 
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Legends. — Legends must be typed double-spaced, be- 
ginning on a separate sheet of paper. Length is limited to 
a maximum of 40 words. 

Tables.— Each table must be typed double-spaced, in- 
cluding all headings, on a separate sheet of 81⁄2 x 11-in 
paper. Do not use larger-size paper. If a table must be 
continued, use a second sheet and repeat all heads and 
stubs. Each table must have a title. 

Manuscript Acceptance. — Manuscripts are received 
with the understanding that they are not under simulta- 
neous consideration by another publication. Accepted man- 
uscripts become the permanent property of the ARCHIVES 
and may not be published elsewhere without permission 
from the publisher (AMA). 


OTHER INFORMATION 


Brief Clinical Notes.—The ArcHıves welcomes the 
submission of Brief Clinical Notes for review. These are 
generally reports of cases that provide a new or unique 
contribution and are to consist of no more than 400 words, 
two references, and one illustration. The synopsis-abstract 
may not exceed 80 words. 

Correspondence and Brief Communications. — The 
Editor is pleased to receive letters that pertain to material 
published in the ARcHIVEs as well as brief communications 
concerning other matters of interest to our readers. An 
interesting case may be published as a brief communica- 
tion. Such contributions should be 250 words or less, 
typewritten, double-spaced without an abstract, and 
clearly marked “for publication.” No more than two refer- 
ences are permitted and illustrations or tables are accept- 


able only when essential to the message. 

News and Announcements. — Brief notices may be sub- 
mitted of meetings, seminars, or symposiums that are of 
interest to surgeons. 

Acknowledgments. — Illustrations from other publica- 
tions must be acknowledged. Include the following when 
applicable: authors, title of article, title of journal or book, 
volume number, pages, month and year. The publisher’s 
permission to reprint must be submitted to the ARCHIVES 
when the manuscript has been formally accepted. 

Statistical Review. — Manuscripts containing statistical 
evaluation should include the name and affiliation of the 
statistical reviewer. 

Informed Consent. — Manuscripts reporting the results 
of experimental investigations on human subjects must 
include a statement to the effect that informed consent 
was obtained after the nature of the procedure(s) had been 
fully explained. 

Reference to Patients. — Patients should be referred to 
by number or, in anecdotal reports, by fictitious given 
names. Real names or initials must not be used in the text, 
tables, or illustrations. 

Photographic Consents.—A letter of consent must 
accompany all photographs of patients in which a possibility 
of identification exists. It is not sufficient to simply cover 
the eyes to mask identity. 

AMA Manual of Style. — This 1988 edition, formerly the 
Manual for Authors & Editors, is available from Williams 
& Wilkins, 428 E Preston St, Baltimore, MD 21202. Single 
copy price: $24.95. A shipping charge is added on all orders 
not prepaid. If additional ordering information is needed, 
or to order by telephone, call 1-800-638-0672. 
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Commentary 
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Sabbatical Leave for Surgeons 


| 
n ancient Babylon no work was done during the “Sha- 


battu,” a festival for conciliating the gods. The Hebrew 
“Shabbath” was a day of rest with many prohibitions. In the 
days of the Israelites, Moses’ decalogue in the book of Exodus 
cautioned his people to “remember the Sabbath.” In the 
earliest of Christian times, Jesus was criticized by the scribes 
when He healed the sick on the Sabbath; in response He said 
that “man was not made for the Sabbath, but the Sabbath was 
made for man,” an observation worth remembering. 

An early Hebrew law extended the philosophy of the Sab- 
bath day to the observance of a sabbatical year by enjoining 
that, in every seventh year, the land should lie fallow and the 
vineyards and olive trees should remain uncultivated. When 
the Jews further petitioned Rome for the release of debts and 
tributes during those years, the Roman emperor, Tacitus, 
complained that the Jews devoted every seventh year to 
idleness! 

Modern-day sabbatical years are certainly not construed as 
times of idleness. On the contrary, in universities where the 
practice of sabbatical leaves of absence has matured and 
departed from the mere concept of rest and release from 
normal teaching duties, the faculties are encouraged to seek a 
new academic challenge appropriate for their interests. The 
opportunity for an awarded sabbatical leave has evolved into 
a cherished privilege—a bonus unique to an academic career. 
Moreover, there is now a growing belief among nonuniversity 
professionals and, indeed, among business executives, that, 
with the institution of sabbatical leaves, benefits may accrue 
to their corporations in increased productivity and cost- 
effectiveness. | 

Surgeons also, whether “town or gown,” have learned that 
they can benefit from sabbatical leaves of absence by increas- 
ing their effectiveness as teachers, scholars, and clinicians. 
Such leaves give them an opportunity for improvement in 
various ways: by advanced study in their special interest; by 
the development of new, innovative skills; and/or by the 


initiation of an investigative project in a related basic science. 


Sabbatical leaves of absence usually involve a period of time 
varying from 6 months to 1 year, but some institutions offer 
shorter periods that may occur more frequently than the 
usual 7 years—for “catch-up” academic pursuits. In any situa- 
tion, flexible arrangements attest to a philosophy of upgrad- 
ing the competence of professors and clinicians. 

It is not unusual for busy surgeons to offer reasons, perhaps 
excuses, that sabbatical leaves for them may be impractical, 
even impossible. It is easy to understand their reticence and 
their belief that the impediments of sabbatical leaves exceed 
the benefits. Some are not willing to interrupt their thriving 
practices for valid reasons, either because they fully enjoy 
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their daily work or because they feel obligated to their prima- 
ry commitments. Still others do not recognize the need for a 
“clearing of the mind” because they have somehow managed 
to carry out their special investigative program simulta- 
neously with their clinical practice; some of these surgeons 
have confessed that they wish they could devote more time to 
the research arm of their work. Heavy administrative duties 
deter other surgeons from taking leave, but I have observed 
that even this obstacle can be put aside temporarily by ar- 
ranging for a period of relief and refreshment of the mind. 

Notwithstanding these valid excuses, it is my opinion that 
the full benefits of sabbatical leaves do become evident to the 
majority of surgeons and their associates and even to their 
patients. The rewards of increased expertise and/or a fuller 
understanding of their field of interest are satisfying. 

My own experience reflects the advantages of sabbatical 
leaves. My first of three such leaves was prompted by my 
perceived need to supplement studies already begun and to 
apply a “new” laboratory technique for the elucidation of the 
pathogenesis of congenital pyloric stenosis in infants. This 
histochemical investigation of abnormal neural pathophysiol- 
ogy, done in London, England, in the laboratory of Anthony 
G. E. Pearse, MD, FRCPath, led naturally to a second leave 
10 years later, during which I investigated the cytology of 
endocrine cells of the upper gastrointestinal tract in the same 
laboratory. The third leave, in due course, provided the op- 
portunity to join the neural and endocrine relationships in a 
book on surgical neuroendocrinology. This seemingly logical 
but not preplanned strategy influenced my career beyond my 
most remote expectations—it was a thoroughly rewarding 
experience. I hasten to add that although my university 
recognizes the value of sabbatical leaves, these would not 
have been possible without the consent, academic encourage- 
ment, and support of my colleagues in the department of 
surgery, chaired initially by Frank Allbritten, MD. 

It cannot be overemphasized that the cooperation and en- 
couragement of associates are important factors, particularly 
when extending the idea of sabbatical leaves to nonuniversity 
surgeons and to related clinical professionals. The experience 
can be invigorating, exhilarating, and, in instances of newly 
acquired therapeutic skills, financially profitable. Certainly, 
no clinical ability is lost in a short absence, and most patients 
return to take advantage of the updated knowledge and ex- 
pertise. These professional rewards speak for themselves; in 
addition, the cultural experience of a different working and 
social environment is an irreplaceable bonus for the surgeon 
and his or her family. 

STANLEY R. FRIESEN, MD, PHD 
Kansas City, Kan 
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Special Article 


Mammographic Second Opinions Prior to 


Biopsy of Nonpalpable Breast Lesions 


Ferris M. Hall, MD 


he recent report of the Council on Scientific Affairs of the 

American Medical Association’ summarizes the status of 
screening mammography as follows: “There is strong epide- 
miologic evidence that mammography screening in asymp- 
tomatic women aged 50 years or older reduces breast cancer 
mortality . . . [and] suggest reductions in mortality and bet- 
ter survival in younger women as well.” 

Documentation of the benefits of screening mammography 
makes cost the major limiting factor in large-scale adoption of 
this examination. Surprisingly, in this country probably less 
than one half of the total costs of screening mammography 
actually relate to the screening examination.” The remaining 
“downstream” expenses relate to the false-positive mammo- 
graphic diagnosis of cancer with subsequent physician consul- 
tation, roentgenographic localization, and surgical biopsy. 

I believe that too many breast biopsies are recommended 
for minimally suspicious nonpalpable lesions and that the cost 
of performing these biopsies jeopardizes mammography 
screening programs. As a partial remedy to this problem, this 
article encourages the use of second opinions by expert sur- 
geons and mammographers prior to the biopsy of nonpalpable 
breast lesions. 

The positive predictive value (PPV) of cancer on biopsy ofa 
nonpalpable breast lesion identified at mammography aver- 
ages 20% to 25%, arate similar to that for biopsies of palpable 
lesions prior to the widespread use of mammography.” In an 
attempt to identify early cancers, some mammographers rec- 
ommend a PPV of only 10%.* Less aggressive attitudes, based 
on retrospective analyses of mammograms, suggest that a 
40% to 50% PPV is reasonable and acceptable.” How fre- 
quently a biopsy is actually performed for a nonpalpable 
probably benign breast lesion is determined primarily by the 
expertise of the individual physician interpreting the mam- 
mogram*” and the medical malpractice environment in which 
he or she works.’ This probably explains why the PPV for 
cancer is 60% to 70% in one large breast screening program in 
Sweden and 40% to 57% in a similar program in the 
Netherlands.” 

Full implementation of current mammographic screening 
recommendations would necessitate the equivalent of every 
radiologist in the country interpreting 10 examinations per 
working day, an obvious impossibility given present radiolog- 
ic manpower.’ Even those relatively few radiologists and 
surgeons who do interpret mammograms have rarely had 
formal training or extensive experience with this relatively 
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new imaging modality. Large radiology departments, mam- 
mographic screening centers, and breast clinics have more 
than one experienced mammographer or surgeon, and equiv- 
ocal examinations often are reviewed with a colleague. The 
names of two physicians on a mammographic report or surgi- 
cal note provide strong psychological and legal support for a 
recommendation for mammographic follow-up rather than 
immediate biopsy of a minimally suspicious lesion. Smaller 
radiologic practices where most screening mammograms are 
performed, and surgical offices where most patients with 
suspicious mammographic findings are referred, do not have 
the luxury of “curbside” colleague consultation. In this set- 
ting, a woman with a nonpalpable mammographic abnormali- 
ty may undergo breast biopsy with no expert second opinion 
ever having been solicited or obtained. 

Our radiology department renders 10 to 15 second opinions 
of “outside” mammograms per week, virtually all of which 
involve nonpalpable abnormalities. Many of these consulta- 
tions result from a departmental policy that, prior to schedul- 
ing any prebiopsy localization procedure in which the biopsy 
has been recommended on the basis of an outside mammo- 
gram, requires an in-house review of that mammogram. In 
approximately one quarter of these reviews, the mammo- 
grapher and surgeon reach a consensus that the mammogram 
has been overinterpreted, and mammographic follow-up 
rather than biopsy is recommended. In most instances an 
informal consultation suffices, although occasionally the sur- 
geon requests a formal written second opinion. This review 
process largely eliminates the psychological and economic 
effects of cancellation of the localization and biopsy on the day 
of the procedure. At one large academic medical center, 
without mandatory prebiopsy second opinions, 9% (53/603) of 
scheduled nonpalpable breast biopsies were found to be so 
overtly unindicated that they had to be cancelled by the 
radiology department on the day of the procedure.’ Even with 
the elimination of these 53 patients, the PPV for cancer in this 
series was only 18%, considered by the authors to be too low.” 
Implementation of current American Cancer Society recom- 
mendations for screening mammography would require that 
almost 50% of adult women undergo mammography annual- 
ly.’ Between 0.5% and 4% of women undergoing a screening 
mammogram will undergo a subsequent breast biopsy be- 
cause of findings on that examination.**’ The lower figures 
have come mostly from Sweden” and almost certainly reflect 
a friendlier medicolegal climate, a more captivated clientele, 
and mammographic interpretation by a relatively few highly 
experienced individuals. If screening mammography was 
fully implemented in this country, and only 1% of screening 
examinations resulted in breast biopsies, that would translate 
into approximately 1 million breast biopsies each year’! Al- 
ready, over one quarter of diagnostic breast biopsies in my 
hospital are performed for nonpalpable lesions. The enormity 
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"including downstream expenses, between $13 000 and $28 000 
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of the potential additional expense of screening mammogra- 
phy is one reason why many countries have not actively 
encouraged screening mammography, despite recognition of 
its benefit.’ The US Congress recently mandated screening 
mammography for Medicare patients with an estimated cost, 


per life-year saved.” 

I believe that patients, referring physicians, third-party 
payers, general surgeons, and general radiologists do not 
adequately avail themselves of mammographic second opin- 
ions by experienced surgeons and radiologists. These experts 
are apparently less apt to recommend biopsy of low-suspicion 
mammographic abnormalities,’ in part because their exper- 
tise makes them less influenced by medicolegal fears. Ideally, 
these mammographers and surgeons would work together 
and their biopsy results would be monitored by continuous 
practice audits. | 

Inevitably, a few lesions undergoing follow-up mammogra- 
phy rather than biopsy will turn out to be carcinoma. In my 
opinion, these constitute a delay in diagnosis rather than a 
‘missed’ cancer. The impact of a 6- to 12-month delay in the 
surgical removal of the average breast cancer, with a 10-year 
total life span prior to clinical diagnosis,“ is uncertain. Fur- 
thermore, approximately 20% of nonpalpable breast malig- 
nant neoplasms are ductal carcinomas in situ and a substantial 
number of these “cancers” may never progress to invasion or 
clinical significance. *™ Most, if not all, of the lobular carcino- 
mas in situ found on these biopsy specimens are diagnosed 
serendipitously, being unrelated to the abnormality for which 
the biopsy was performed.*” 

Mammographic consultation is inexpensive. We currently 
do not bill or receive payment for second opinions. In most 
instances, the recommendation is obvious. With films in hand 
an informal mammographic consultation requires 1 to 2 min- 
utes and a formal mammographic report rarely takes more 
than 5 to 10 minutes. 

Until the costs of screening mammography can be reduced, 
there will be questions as to whether this examination is 
economically justified, ™”? particularly in women under the 
age of 50 years.” I am a strong advocate of screening mam- 
mography, as are most breast surgeons and mammo- 
graphers. However, public acceptance and support for this 
examination will be difficult to maintain without restraint on 
the number of breast biopsies currently being performed for 
nonpalpable probably benign mammographic abnormalities. 
One relatively simple means of achieving this restraint is the 
more liberal use of mammographic second opinions. 
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Invited Commentary 


The statement that carcinoma of the breast demands a 
multidisciplinary approach from the start is so trite as to 
almost warrant apology. Even lawyers recognize this truism 
as they develop a new legal subspecialty to exploit real, imag- 
ined, or invented shortcomings in the area of early diagnosis. 
Mammography is now the main technical weapon in early 
detection and screening mammography has the power to save 
lives, certainly above the age of 50 years, albeit at a cost. This 
cost is usually discussed in monetary terms relating to the 
mammographic procedure itself. Unfortunately, far too little 
attention has been paid to other and more serious aspects. 
These aspects include the defensive overreporting by many 
radiologists epitomized by the wimpish phrase “cannot com- 
pletely exclude carcinoma,” or by plaintive admonitions sug- 
gesting the advisability of attacks on almost certainly innocent 
shadows not infrequently visible on one view only. This atti- 
tude has led to an unacceptable PPV of 10% in many institu- 
tions in the United States, with few achieving the desirable 
30% to 50% that is the standard of care in Europe and the 
United Kingdom. As a consequence, the patient suffers and 
the promise of screening mammography is stunted. 

Dr Hall’s thoughtful proposal is both constructive and cou- 
rageous. Apart from espousing regionalization and possibly 
inviting unjustified accusations of professional arrogance, Dr 
Hall suggests that an interdisciplinary review involving expe- 
rienced mammographers and surgeons will help to set objec- 
tive criteria for interpretation, prevent some avoidable opera- 
tions, reduce costs, provide reassurance to patients, and 
obviate the discrediting of screening mammography. Further- 
more, such groups would establish the understanding that 
shadows may not all be susceptible to absolute interpretation 
and that a small percentage of delayed diagnoses of cancers 
will more than offset the tens of thousands of unnecessary 
biopsies and unjustified prophylactic mastectomies performed 
each year. 

The patient has become an active and informed participant 
in decisions on invasive cancer. Given an estimate of risk in 
cases adjudged very likely to be benign and instructed in 
writing about the safety net of follow-up mammography in 4 to 
6 months, patients would also be able to share the decisions on 
less specific structural changes in the breast. As a result, 
patients will benefit, screening mammography will not be 
handicapped, the public purse will be protected, and unjustifi- 
able litigation should be substantially reduced. 

It is time for surgeons to join with radiologists like Dr Hall to 
separate shadow and substance to help establish a firmer 
database, and to bring some scientific calm to a currently 
overheated emotional field. 


ALEXANDER J. WALT, MD 
Detroit, Mich 
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Carcinoembryonic Antigen Enhances 


Metastatic Potential of Human 


Colorectal Carcinoma 


Richard B. Hostetter, MD; Debora E. Campbell; Kefung Chi, MD; Susan Kerckhoff; 
Karen R. Cleary, MD; Steve Ullrich, PhD; Peter Thomas, PhD; J. Milburn Jessup, MD 


è Patients with human colorectal carcinoma have a poor prog- 
nosis when serum carcinoembryonic antigen level exceeds 5 
ng/mL. The hypothesis that carcinoembryonic antigen enhances 
metastasis by promoting the attachment of tumor cells to Kupffer 
cells and hepatocytes was tested in an experimental metastasis 
model in which colorectal carcinoma cells were injected into the 
spleens of BALB/c athymic nude mice and liver colonies counted 
5 weeks later. Pretreatment with systemic injections of carcin- 
oembryonic antigen significantly increased the metastatic po- 
tential of a poorly metastatic colorectal carcinoma cell line KM- 
12c, but did not induce the nonmetastatic colorectal carcinoma 
cell line HC 2998 to produce metastases, nor did carcinoem- 
bryonic antigen make the highly metastatic colorectal carcinoma 
cell line mHC 1410 more metastatic. Carcinoembryonic antigen 
did not stimulate proliferation of colorectal carcinoma but ap- 
peared to be a cofactor for metastasis possibly as an adhesion 
factor. 

(Arch Surg. 1990;125:300-304) 


arcinoembryonic antigen (CEA), a 180- to 200-kd glyco- 

protein, was first identified by Gold and Freedman’ in 
1965 as a tumor-associated antigen of colon cancer. The com- 
position of CEA is 50% to 80% carbohydrate whose nucleotide 
sequence suggests that it is a member of the immunoglobulin 
super gene family.” Carcinoembryonic antigen has been well 
characterized and used extensively as a tumor marker,’ but 
its function has not been elucidated. Patients with Dukes’ 
stage B2-C2 disease with preoperative serum CEA levels 
greater than 5 ng/mL have a worse prognosis than similar 
patients with lower serum levels.*’ Primary tumors from 
patients with high CEA levels are more tumorigenic in nude 
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mice than tumors from patients with normal CEA levels.° 


Toth et al’* demonstrated that CEA binds to Kupffer cells and 
hepatocytes after intravenous injection of CEA into rodents. 
Since 80% of patients who die of colorectal carcinoma (CRC) 
have liver metastasis,’ CEA may enhance the production of 
liver metastasis. 

Our aim was to determine whether CEA increased the 
metastatic potential of CRC cell lines. Carcinoembryonic 
antigen may enhance metastasis through several different 
mechanisms. Carcinoembryonic antigen bound to hepatic cell 
membranes may serve as an attachment factor for CRC cells 
that pass through the portal circulation, since CEA forms 
homotypic dimers.” Colorectal carcinoma cells circulating 
through the liver may attach to Kupffer cells and hepatocytes 
that display CEA and promote the production of liver metas- 
tases. Alternatively, CEA may stimulate CRC cell growth 
or, since it is related to the immunoglobulins, it may suppress 
immune responses and inhibit the ability of the host to kill the 
CRC cells.""” 

We tested whether CEA may promote metastasis in a 
model of experimental liver metastasis. ®™ Carcinoembryonic 
antigen was injected intravenously into nude mice so that 
both Kupffer cells and hepatocytes displayed CEA. Carcino- 
ma cells injected into the spleen then pass through the liver 
and produce liver colonies (experimental metastases) if they 
are able to implant and survive in the liver. Pretreatment 
with CEA enhanced the metastatic potential of one CRC line 
KM-12c and allowed us to begin to elucidate the mechanism by 
which CEA mediated this effect. 


MATERIALS AND METHODS 


All experimental protocols were approved by the animal resources 
committee. 


Animals 


Six- to 8-week-old BALB/c, athymic nude mice and immunocompe- 
tent mice, were obtained from the Animal Production Area of the 
National Cancer Institute-Frederick (Md) Cancer Research Facility. 
Mice had free access to food and water and were housed five mice per 
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cage in laminar flow cabinets under specific pathogen-free conditions 
in the barrier facilities of the University of Texas M. D. Anderson 
Cancer Center, Houston. The mice were age- and sex-matched for 
each experiment. | 

Cell Lines.—All CRC cell lines were established at the M. D. 
Anderson Cancer Center as previously described.” Cell line mHC 
1410 was derived from a liver metastasis and is highly metastatic. 
Both HC 2998 and KM-12c had been established from Dukes’ stage B2 
primary colon carcinomas; the former is nonmetastatic and the latter 
is poorly metastatic. * Carcinoembryonic antigen production by the 
cell lines was comparable as tested by growing the cells to confluency 
in T-25 culture flasks and then testing the culture media in commer- 
cial CEA assay systems. 

CEA.—The CEA used in these experiments is human 180- to 200- 
kd CEA, purified from a single CRC hepatic metastasis, as previous- 
ly described.” The preparation was characterized by sodium dodecyl 
sulfate polyacrylamide gel electrophoresis, high-pressure liquid 
chromotography analysis, and activity in commercial CEA assay 
systems. The behavior of CEA in experimental animals is known. p 

Experimental Metastasis Assay. — Experimental liver metasta- 
ses were produced in a modification of the method of Giavazzi et al. š 
Groups of five mice were initially given dorsal tail vein injections (0.2 
mL) of either Hankg balanced salt solution (HBSS), bovine serum 
albumin (BSA) (200 mg/L), low-dose CEA (25 to 50 mg/L), or high- 
dose CEA (200 to 300 mg/L). Thirty minutes later, the mice were 
anesthetized and injected intrasplenically with 5x 10° tumor cells 
during laparotomy. Mice in all groups were killed when mice in any 
group became moribund. The presence of liver colonies was deter- 
mined by macroscopic inspection. 

Cell Adhesion Assay.—Carcinoembryonic antigen was immobi- 
lized on 96-well culture plates (Costar, Cambridge, Mass) and tumor 
cells were allowed to adhere in a modification of the method for 
fibronectin described by McCarthy et al.” In brief, CEA, BSA, and 
a,-acid glycoprotein were dried onto 96-well plates at a concentration 
of 20 ng per well in double-distilled water for 12 hours at 37°C. The 
free binding sites on the plastic were blocked with 4% BSA for 2 hours 
at 37°C. The CRC lines were harvested by rubber spatulas and plated 
in wells at concentrations of 1000 cells per well. After a 1-hour 
incubation, cells were fixed in 1% paraformaldehyde and 1% sucrose. 
The unbound cells were removed by three washes with HBSS, and 
the cells were counted in each well in a coded manner. 

Growth Assay.—Cell lines KM-12c, HC 2998, and mHC 1410 
(1 x 10° cells per well) were cultured in triplicate in 96-well culture 
plates at 37°C. Carcinoembryonic antigen at concentrations ranging 
. from 6 ng/mL to 60 mg/L was added to minimum essential medium 
(Grand Island [NY] Biological Co) with 2% BSA (basal medium) or 
alpha minimum essential medium with 10% fetal calf serum (complete 
medium) (HYCLONE, Sterile Systems, Logan, Vt). After the CRC 
adhered to the plastic, the medium was aspirated and replaced with 
either basal or complete medium containing CEA. After 5 days, the 
cultures were pulse-labeled with tritiated thymidine for 16 hours. 
Cells were harvested with light trypsinization in a multiple sample 
harvester. Proliferation was determined after counting samples in a 
scintillation counter. 

Analysis of Antibodies to CRC. — Host humoral immune respons- 
es to CRC-associated antigens were measured using serum obtained 
from mice at the termination of the metastatic potential assay. Tumor 
extracts were prepared from xenografts using nonionic detergents as 
described by Reading and Hickey. ® The extracts were subjected to 
sodium dodecyl sulfate polyacrylamide „gel electrophoresis” and 
transferred to nitrocellulose membranes.” These Western transfers 
were probed with nude mouse sera diluted 1:20 in newborn calf serum 
(Hazleton Research Products Inc, Lenexa, Kan), and antigens were 
detected by indirect immunoperoxidase staining.” The bands were 
then quantitated on a computerized densitometer for comparison of 
relative amounts. 

Plaque-Forming Assay. —The ability of CEA to alter host immu- 
nity in immunocompetent mice was tested in vivo using the plaque- 
forming assay to assess single-cell antibody production as described 
by Garvey et al.” Hanks’ balanced salt solution, BSA (40 yg), or CEA 
(40 ug) was injected intravenously into groups of five normal BALB/c 
mice. Mice were sensitized 30 minutes later with intravenous injec- 
tions of sheep red blood cells (SRBCs) (0.1 mL of 1% SRBCs in 
phosphate-buffered saline). Mice were killed 5 days later and single- 
cell preparations of the spleen were mixed with SRBCs in 2% agar 
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and plated on glass slides. Plaques formed by hemolysis of the SRBCs 
surrounding antibody-producing spleen cells were detected and 
counted after the addition of complement.” 


Statistics 


Results are presented as mean + SEM. Associations among indi- 
vidual group means were tested by the Newman-Keuls test if a 
single-factor analysis of variance (ANOVA) demonstrated that the 
means were different. x’ Analysis was used to test the significance of 
categorical data. The significance level was set at 5%. 


RESULTS 
CEA Binds to Hepatic Cells 


To show the effect of CEA on the formation of liver metas- 
tasis, it is necessary to show the distribution of CEA injected 
intravenously. Toth et al’* observed that CEA is endocytosed 
by Kupffer cells within 20 minutes of intravenous injection 
and expressed on the surfaces of Kupffer cells and hepato- 
cytes 10 minutes later. Carcinoembryonic antigen dissolved 
in HBSS was injected intravenously into nude mice. When the 
mice were killed 30 minutes later, immunoperoxidase stain- 
ing of these liver sections for CEA revealed that nearly all 
Kupffer cells and 70% of hepatocytes contained CEA after a 
40-g injection of CEA, whereas less than 10% of Kupffer 
cells and no hepatocytes contained CEA after receiving 5 pg 
of CEA. Thus, in subsequent experiments, “high-dose CEA” 
was an injection of at least 40 ug of CEA and “low-dose CEA” 
was an injection of 5 to 10 pg of CEA. 


CEA Enhances Metastasis 


Carcinoembryonic antigen pretreatment significantly in- 
creased the production of experimental liver metastases by 
KM-12ce (Fig 1). Only 2% of mice that received HBSS and KM- 
12c developed metastases (Table 1). In contrast, 33% of nude 
mice pretreated with low-dose CEA developed liver colonies 
and 48% of mice that received high-dose CEA produced ex- 
perimental metastasis (Table 1). Pretreatment with 40 wg of 
BSA per mouse did not increase experimental metastasis by 
KM-12c (Table 1). Pretreatment with CEA did not induce the 
nonmetastatic HC 2998 to produce liver colonies even when 
3 x 10° cells were injected intrasplenically (data not shown). 
Carcinoembryonic antigen also did not significantly alter liver 
colony formation by the highly metastatic mHC 1410 CRC 
(Table 1). Thus, mHC 1410 produced experimental metasta- 
ses without the need for any extrinsic factors, while KM-12c 
produced significantly more experimental metastases after 
nude mice were pretreated with exogenous CEA. 


CEA Inhibits Humoral Immunity Nonspecifically 


The antibody responses of mice to human tumor-associated 
antigens were measured in CRC because CEA may enhance 
the metastasis of KM-12c by inhibiting host immune respons- 
es. Nude mice produce IgG antibodies to T-cell-dependent 
antigens despite the absence of T cells.” Sera obtained from 
mice bearing KM-12c or mHC 1410 and pretreated with either 
HBSS, BSA, or CEA probed Western blots of extracts of 
these tumors. Mice bearing mHC 1410 and treated with 
HBSS produced antibodies to tumor-associated antigens of 62 
and 88 kd. The response to these antigens was reduced by 88% 
to 51% in CEA-pretreated mice (Fig 2). However, the BSA- 
treated mice had similar reductions in antibody responses to 
these antigens (Fig 2). Carcinoembryonic antigen and BSA 
pretreatment similarly inhibited antibody production to 58 kd 
and 38 kd antigens of KM-12c (data not shown). Since BSA 
was as suppressive as CEA without enhancing experimental 
metastasis, inhibition of humoral immunity does not appear to 
stimulate experimental metastasis by KM-12c¢ in athymic 
nude mice. 
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Fig 1.— The effect of pretreatment (40 pg) with Hanks’ balanced salt solution (left) or carcinoembryonic antigen (right) on 
experimental metastasis by KM-12c. The livers and spleens from all the mice in a single experiment were harvested as 
described in the “Materials and Methods” section and as shown. 


The effect of CEA on antibody production was further 
examined in a single-cell antibody production assay in immun- 
ocompetent BALB/c mice. In this assay, mice were sensitized 
intravenously with 0.1 mL of 1% SRBCs in phosphate buff- 
ered saline 30 minutes after they had received 40 wg of CEA, 
BSA, or HBSS. Antibody production was evaluated 5 days 
later in a plaque-forming cell assay. Mice that received either 
CEA or BSA had fewer plaque-forming cells than the controls 
(Table 2). Thus, while CEA inhibits humoral immunity, it 
does so nonspecifically since BSA was as inhibitory as CEA. 


CEA Does Not Stimulate CRC Proliferation 


Carcinoembryonic antigen may enhance metastasis by 
stimulating CRC proliferation. We tested this directly by 
culturing CRC lines in either basal or complete medium in the 
presence of CEA at concentrations of 6 to 60000 ng/mL. 
Cultures were pulse-labeled with tritiated thymidine and 
DNA synthesis was determined. When HC 2998 was cultured 
in basal medium with 60 ng/mL of CEA, the mean incorpora- 
tion was 510 cpm, which was the same as that of HC 2998 
cultured in basal medium without CEA (505 cpm). Similar 
results were obtained with complete medium and the other 
two CRC lines over this range of CEA concentrations. Thus, 
free CEA in solution in tissue culture medium does not direct- 
ly stimulate CRC proliferation. 


CEA May Be an Attachment Factor 


If CEA does not stimulate CRC proliferation, then it may 
promote metastasis by facilitating attachment of CRC to liver 
cells that display CEA on their surfaces. We sought evidence 
for CEA as an attachment factor in an in vitro adhesion assay, 
similar to that described for fibronectin." The three cell lines 
demonstrated similar degrees of nonspecific binding to either 
untreated or BSA-treated plastic with fewer cells from each 
well binding to the BSA-treated plastic (Table 3). Similar 
numbers of cells from the three cell lines bound to a,—aeid 
glycoprotein immobilized on plastic. However, more than 
twice as many KM-12c cells bound to the CEA-coated wells 
than did either of the other two CRC cell lines. In addition, 
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Table 1.—Effect of Carcinoembryonic Antigen (CEA) on 
Metastatic Potential of Human Colorectal Carcinoma (CRC)* 


Mice With Metastases/Total No. (%) 


of Mice by Cell Line 
-___ 


KM-12c mHC 1410 HC 2998 
1/45 (2) 10/10 (100) 0/10 (0) 
0/5 (0) 
2/5 (40) ND 
9/10 (90) 0/10 (0) 


Pretreatment 
HBSS 
BSA 0/5 (0) ND 


CEA (low-dose) 
CEA (high-dose) 


*Bovine serum albumin (BSA), administered at 40 xg per mouse, low-dose 
carcinoembryonic antigen at (CEA) 5 to 10 wg per mouse, high-dose CEA at 
40 to 60 wg per mouse, or Hanks’ balanced salt solution (HBSS) alone were 
injected intravenously into athymic nude mice that were challenged with CRC 
cells as described in the “Materials and Methods” section. Results are the 
cumulative number of mice with liver colonies divided by the total number of 
mice injected with CRC with the percent incidence of experimental metastasis 
for seven different experiments. ND indicates not determined. 

TP<.001 by x? analysis to the HBSS control for the KM-12c tumor. There 
was no significant difference for the incidence of metastases among the mHC 
1410 groups. 


5/15t (33) 
12/25t (48) 





significantly more KM-12c cells bound to the CEA-containing 
well than to uncoated plastic (Table 3). Thus, KM-12c binding 
to immobilized CEA correlates with its ability to enhance 
experimental metastasis. 


COMMENT 


Metastasis involves four steps after malignant cells enter 
the circulation: (1) circulating cells arrest in a capillary bed or 
an organ, (2) implant, (3) invade through a vessel wall into the 
parenchyma of an organ, and (4) survive after extravasa- 
tion.” The present model of experimental metastasis is use- 
ful because it assesses the steps in metastasis after malignant 
cells enter the circulation in the organ that is most involved in 
metastasis in CRC, the liver. Since CRC cells are present in 
the circulation of patients with cancer,” this model may pro- 
vide insight into the mechanisms of human metastasis. Previ- 
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Fig 2.—Antibodies were sought to the mHC 1410 colorectal carcinoma 
in the sera of mice that had been treated with either Hanks balanced 
salt solution (HBSS), carcinoembryonic antigen (CEA), or bovine 
serum albumin (BSA) before an injection of MHC 1410 cells. Pretreat- 
ment with both CEA and BSA inhibits the production of antibodies to 
antigens in mHC 1410. 


ous studies from our group have shown that the production of 
experimental metastasis is associated with collagenolytic ac- 
tivity (a measure of invasion) and stage of disease (metastases 
were more aggressive in mice than primary CRC). Arrest of 
circulating cells in the liver is unlikely to be a major reason for 
failure to form metastasis because similar numbers of cells 
from low- and high-metastatic CRC arrest in the liver at 10 
minutes and 4 hours after intrasplenic injection.“ The major- 
ity of CRC cells that arrest will not lead to metastatic colony 
formation. The failure of the CRC to implant, invade, and 
survive in the liver may allow the host defenses to destroy the 
CRC cells prior to the successful formation of a liver colony. 
However, CEA may modulate metastasis by enhancing CRC 
cell adhesion and allowing proliferation and invasion into the 
liver parenchyma. 

We demonstrated that the injection of CEA enhanced the 
metastatic potential of KM-12c. Circulating CEA rapidly 
binds to the Kupffer cells of the liver, where terminal sialic 
acids are removed and transferred to the cell surface of the 
hepatocytes. In this immobilized form, CEA may alter the 
attachment of circulating CRC cells. Enhancement of the 
attachment of these CRC cells may allow them to implant, 
proliferate, and invade the liver successfully. The three cell 
lines were demonstrated to produce comparable amounts of 
CEA by standard laboratory enzyme-linked immunosorbent 
assay. Thus, the endogenous production may not be as impor- 
tant as the form or presentation of the CEA on the cell 
surface. Colorectal carcinoma cells that are capable of inva- 
sion and survival but do not implant (low to moderate meta- 
static potential), may have their metastatic potential en- 
hanced by CEA pretreatment. Colorectal carcinoma cells 
that implant with high frequency, invade, and survive in the 
parenchyma (highly metastatic), may not have their meta- 
static potential enhanced by pretreatment with CEA. Also, 
those CRC cells that implant but do not invade or survive in 
the parenchyma may not have their metastatic potential en- 
hanced by CEA as the requirement for metastases formation 
is still not complete. 

Addition of CEA to growth media did not enhance the 
proliferation of KM-12c, mHC 1410, or HC 2998 cells, demon- 
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Table 2.—Carcinoembryonic Antigen (CEA) Inhibits the 
Production of Plaque-Forming Cells to Sheep Red Blood 
Cells (SRBCs)* 


Sensitization APC} 
HBSS HBSS 38+8 
HBSS SRBC 589+51 
BSA SRBC 199 + 20t 
CEA SRBC 64+ 22t 


*Mice were pretreated with an intravenous injection of Hanks’ balanced salt 
solution (HBSS), 40 pg of CEA, or 40 pg of bovine serum albumin (BSA) and 
then sensitized intraperitoneally with HBSS or SRBCs as described in the 
“Materials and Methods” section. 

+APC indicates the mean+SEM of the number of antibody producing cells 
per 10° spleen cells 5 days later. 

+P<.05 for mice pretreated with BSA and CEA compared with the HBSS- 
treated and SRBC-sensitized mice by the Newman-Keuls Multirange Compar- 
ison Test. 


Pretreatment 





Table 3.—Carcinomas Bind to Carcinoembryonic Antigen 
(CEA) Attached to a Solid Phase* 


KM-12c mHC 1410 
7.0+1.5 
2.3+0.3 
3.0+0.6 


4.7+0.3 


*BSA indicates bovine serum albumin; and AGP, «,-acid glycoprotein. 
Results are expressed as mean + SEM. 

+P<.05 vs the none control for CEA by Newman-Keuls Multirange Compar- 
ison Test. 


HC 2998 
7.3+1.4 
1.0+1.0 
3.7+0.9 
3.7+0.7 


Substrate 


None 6.3+1.4 
BSA 1.7+0.9 
AGP 4.0+0.6 
CEA 13.3+2.8f 





strating that CEA is not a growth factor for CRC. Carcinoem- 
bryonic antigen suppressed the IgG response in nude mice to 
CRC-associated antigens and also the IgG response to 
SRBCs in immunocompetent mice in the plaque-forming as- 
say. However, BSA was also immunosuppressive in these 
assays and yet did not enhance metastasis. This suggests that 
CEA-mediated humoral suppression is not the explanation 
for the enhanced metastasis in KM-12c cells. Since Heiskala et 
al” observed that a soluble tumor-derived protein of about 180 
kd inhibited natural killer cell activity, CEA may be this 
protein that inhibits natural killer cell function and enhances 
the production of metastasis. Only the metastatic potential of 
KM-12c was enhanced by CEA and if this were an important 
mechanism of CEA effect, we would expect that HC 2998 
would be induced to produce metastasis, but this was not 
seen. Thus, immunosuppression of the host may not be as 
important as promotion of attachment by CRC to surfaces 
that display CEA. 

Carcinoembryonic antigen may facilitate the attachment of 
tumor cells to liver cells through promotion of homotypic 
aggregation. Lotan and Raz” have described “endogenous 
carbohydrate-binding proteins” located on tumor and normal 
cells that mediate intercellular recognition and adhesion. 
Cells may attach to each other by attaching to different parts 
of the same glycoprotein. Since CEA binds to Kupffer cells 
through the peptide portion of the molecule,” the carbohy- 
drate groups are exposed and could serve as receptors for 
lectin-ligand interaction.” When CEA is internalized by the 
Kupffer cells, the terminal sialic acids are cleaved. The asialo 
CEA is then transferred to the hepatocytes. Tumor cells can 
bind to either CEA or asialo CEA. Thus, CEA may promote 
intercellular attachment and enhancement of metastasis by 
acting as a homotypic aggregant. 
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In summary, CEA enhanced the metastatic potential of a 
poorly metastatic CRC but not that of a highly metastatic or 
nonmetastatic CRC. Carcinoembryonic antigen stimulation 
of malignant growth or inhibition of host defense mechanisms 
were not the mechanisms of CEA-enhanced metastasis since 
CEA did not stimulate their proliferation and did not specifi- 
cally inhibit antibody production to CRC. In contrast, the 
CRC line whose metastatic potential was enhanced by CEA 
bound to immobilized CEA more than did either of the other 
two CRC lines. Thus, selected CRCs may bind to CEA dis- 


played on liver cell surfaces and enhance implantation into the 
liver, thus leading to formation of a CEA-induced metastasis. 
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Surgical Anatomy Question 
The soleus is more powerful and contributes more to the thickness of the calf than the 


gastrocnemius. [True or False] 
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Seroma Prevention Using Fibrin Glue 
‘in a Rat Mastectomy Model 


William H. Lindsey; Thomas M. Masterson, MD; William D. Spotnitz, MD; Morton C. Wilhelm, MD; Raymond F. Morgan, MD 


ə Seromas are a frequent complication of mastectomy (17% to 
53%) in humans and are correlated to skin flap elevation, lympho- 
vascular interruption, and drainage into surgically created po- 
tential spaces. The use of intraoperative topical fibrin glue to 
reduce morbidity in rats undergoing radical mastectomies has 
been evaluated. A model consistently producing seromas was 
developed by radical mastectomy and lymphadenectomy in the 
Sprague-Dawley rat. A fibrin glue application procedure was 
tested using this model. The double-blinded protocol called for 
spray application of saline or fibrin glue to mastectomy wounds 
followed by sequential inspection and necropsy on postopera- 
tive days 5, 8, 11, and 14. Topical fibrin glue was shown to be 
statistically significant in decreasing the presentation of sero- 
mas following a radical mastectomy in the Sprague-Dawley rat. 

(Arch Surg. 1990;125:305-307) 


Poe serous fluid collections have long plagued 
the surgeon and still represent a significant source of 
morbidity and delayed recovery. While serum tumors can be 
clinically observed following a broad spectrum of procedures, 
three intraoperative factors lend themselves to the predispo- 
sition of seromas. First, the surgical interruption of lymphat- 
ic and vascular channels provides an extensive source of 
drainage fluid that weeps into the surgical site despite meticu- 
lous hemostasis. Second, the creation of a potential space by 
the removal of regional tissue, as in neoplastectomy, allows a 
reservoir of tissue fluids to accumulate. Third, the elevation 
of a skin flap and its distensibility further allow seroma accu- 
mulation. 

Inflammatory mediators released from traumatized tissues 
also facilitate seroma formation. Histamine, several prosta- 
glandins, and adenosine can cause transient or persistent 
vasodilation, thereby increasing regional fluid drainage. Lo- 
cal inflammation is also elevated by the chemoattractive prop- 
erties of leukotrienes, which bring macrophages and poly- 
morphonuclear lymphocytes into the area. As local ionic 
concentrations are altered with the influx of both drainage 
and inflammatory mediators, an osmotic gradient can be cre- 
ated, further drawing in cellular and interstitial fluids. This 
osmotic gradient theory may explain a relationship between 
seromas and hematomas. It has been postulated that seromas 
evolve from the lysis of small hematomas in the surgical field, 
which create a gradient for serum accumulation. ' 

Mastectomy studies have shown correlations between se- 
rous collection and flap necrosis.” The explanation lies in the 
theory that an elevated skin flap, with a potentially compro- 
mised vascular supply, is both stretched and elevated from 
the vascular subcutaneous matrix by fluid collections, there- 
by inducing ischemic damage. Flap thickness has also been 
shown to be directly proportional to seroma formation.’ Ser- 
oma presentation and wound infection are closely related.‘ 
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Hayes and Bryan’ have stated that despite fluid sterility, 
seromas can alter normal healing. 

A mastectomy is the most common surgical procedure for 
the 110 000 patients diagnosed with breast cancer annually. 
Literature reports document seroma presentation in 17% to 
53% of patients who undergo mastectomies.*’ Associated 
morbidity from repeated aspirations, infection, decreased 
limb range of motion, and disfigurement can therefore affect a 
large patient population. With fluid collection reaching 500 
mL/d, seroma management must be addressed. 

Current therapy for the prevention and elimination of sero- 
mas ranges from pressure dressing of the wound site to 
sclerotherapy, with catheter drainage the predominant meth- 
od in use today.** However, such management is not risk free. 
Aside from providing a convenient route for pathogenic retro- 
grade migration into the wound site, the presence of a cathe- 
ter may add to local inflammation.’ Vacuum drainage at pres- 
sures ranging from 60 to 250 mm Hg has been linked to flap 
necrosis and peripheral nerve damage. Tetracycline hydro- 
chloride sclerotherapy, while an exciting new technique, has 
also been noted to produce significant pain, and requires the 
insertion of a potentially contaminating catheter system. 

Fibrin glue is a biological hemostatic and adhesive agent 
based on the hematologic clotting cascade that culminates in 
thrombin’s enzymatic cleavage of fibrinogen to fibrin. The 
two components are bovine thrombin, available commercial- 
ly, and human fibrinogen, obtained from cryoprecipitate. 
European surgeons have used fibrinogen obtained from 
pooled human plasma for more than 20 years. However, 
because of an elevated risk of infectious transfer of hepatitis 
and acquired immunodeficiency syndrome, this product has 
not been approved by the US Food and Drug Administration. 
The domestic use of fibrin glue has flourished with the advent 
of fibrinogen retrieved from cryoprecipitate and fresh-frozen 
plasma. Recently, single-donor collections and autologous 
plasma donations have virtually eliminated the risk of blood- 
borne diseases in fibrin glue. Spotnitz et al” have also de- 
scribed a fibrinogen recovery technique that has been shown 
to inexpensively provide fibrinogen from single-donor plas- 
ma. Such glue has been shown to be equal or higher in fibrino- 
gen concentration than other available techniques, and it is 
associated with very low infectious risk. 

Several methods exist for the application of fibrin glue. 
Perhaps most widely used are spray applicators containing 
either component and allow mixing only when applied to the 
dried wound field. Separate syringes are often used when 
only a minute quantity is needed in a very particular location, 
such as in intracerebral vascular anastomoses. A number of 
specialized instruments have been developed, mainly in Eu- 
rope, allowing the mixing of the two components in a mist 
prior to reaching the wound surface. Some such devices eject 
the components via a pressurized gas. In general, as long as 
the field is dry and the two components are evenly applied in a 
thin coating, any method of application is adequate. 

The use of fibrin glue dates back to World War II when 
Cronkite et al" used it to increase the adhesion of skin grafts. 
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Since that time, fibrin glue’s properties have been exploited in 
virtually every field of surgery. Ihara et al” also used cryopre- 
cipitate in grafting tissues to burn victims. However, in addi- 
tion to increasing the adhesiveness of the graft, the authors 
reported that hemostatic control of the autograft removal site 
is markedly improved by the use of fibrin glue when compared 
with suture ligations and electrocautery. Fibrin glue has also 
been shown to be efficacious in soft-tissue and organ-lacera- 
tion repair. Jakob et al” bypassed packing and suturing of 
liver injuries and controlled hemorrhages by applying fibrin 
sealant-soaked collagen to the wound. Their experiments on 
rats illustrate that survivability is increased without any 
tissue sensitivity sequelae. Keller et al“ bonded femoral splin- 
ter fractures with fibrin glue after orthopedic setting in dogs. 
They observed that when compared with 1-mm Kirschner 
wires, the tensile strength of the fixed fragments was higher 
in a fibrin glue population. However, they reported that 
initial immobilization must be secure since mechanical 
strength is not increased until the fourth day. 

It is important to realize that the hemostatic control that 
fibrin glue allows is available in the absence of an intact 
coagulation pathway, and is thus useful in fully heparinized 
patients. Perhaps the most striking examples of this are 
observed in patients undergoing cardiac surgery. Lupinetti 
et al” used cryoprecipitate for the reparation and hemostasis 
of postinfarction ventricular septal defect, coronary artery 
bypass, and valve replacement. They reported that even in 
hemostatically compromised patients undergoing protracted 
bleeding, fibrin glue provided adequate coagulation. It was 
also beneficial in patients undergoing reexploration for post- 
operative bleeding. Similar results were noted by Stark and 
deLeval" in the repair of congenital heart defects. They also 
found that polytef patches soaked in sealant were beneficial in 
high-pressure vascular shunting without the usual suture- 
hole hemorrhage. 


MATERIALS AND METHODS 


A model consistently producing seromas was developed by radical 
mastectomy and lymphadenectomy in Sprague-Dawley rats (Fig 1). 
A midline incision, chosen to prevent self-dehiscence, was made from 
the jugular notch to the xiphoid. The skin to the left of the incision was 
elevated and retracted, allowing for easy dissection and removal of 
the pectoralis musculature. A small amount (3 mm) of pectoralis 
attachment to the humorous was suture ligated to prevent frank 
hemorrhage from supplying vasculature. Next, axillary-node exci- 
sion was performed. Hemostasis was maintained by careful dissec- 
tion without the use of electrocautery. To ensure consistent seroma 
presentation, the subcutaneous lymphovasculature was traumatized 
by scraping the inner surface of the elevated skin flap with a No. 15 
blade. At this point, the wound was dried with a sterile 4 x 4 gauze, 
and a fine mist (0.2 mL) of saline was applied by spray applicator. 
Moderate pressure was applied to the flap for 15 seconds, and the 
wound was immediately closed by interrupted 4-0 nylon sutures. 

A fibrin glue application procedure was tested in this model. Sur- 
gery was performed identically with substitutions of fibrinogen and 
thrombin for the saline solution. 

Forty male Sprague-Dawley rats, ranging in weight from 320 to 
360 g, were divided into control (saline solution) and experimental 
(fibrin glue) groups of 20 each and underwent the procedure. Postop- 
eratively, the animals were isolated without special treatment. Visu- 
al inspection and manual ballotability of a fluid mass were performed 
on postoperative days 5, 8, 11, and 14. Necropsy was performed on 
day 14, at which time serous collections were aspirated and quantified 
through a 15-gauge needle. Surgery was performed in a rolling 
procedure fashion with both surgeon and pathologist blinded as to the 
group into which a given animal was placed. The fibrin glue applier 
was, therefore, not involved in data collection. 


RESULTS 


Seromas developed in 18 (90%) of 20 control rats by day 5 as 
confirmed by inspection of a large left-sided ballotable chest 
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mass (Fig 2). However, only 3 (15%) of 20 experimental rats 
had palpable fluid collections on day 5. Statistical correlation 
by Fisher’s Exact Test revealed P<.0005. Day 8 results by 
similar examination revealed 14 control seromas (70%) and 4 
experimental seromas (20%) (P<.005). Day 11 showed 11 
control seromas (55%) and 3 experimental collections (15%) 
(P<.05), Necroptic aspiration correlated with day 14 man- 
uovisual examinations, revealing 9 control group seromas 
(45%), ranging from 1.1 to 4.3 mL. Two (12%) fibrin glue- 
treated rats exhibited serous aspirations of 1.8 and 2.4 mL 
(P<.05). All seromas were of similar-appearing, rice water- 
colored serosanguineous fluid. One fibrin glue-treated rat 
exhibited dehiscence and died on day 12. 


COMMENT 


We observed that topical fibrin glue decreased postopera- 
tive seroma formation in a rat model of radical mastectomy 
(P<.0005) While resorption of fluid collection did occur 





Fig 1.—Midline radical mastectomy and lymphadenectomy in a Spra- 
gue-Dawley rat. PM indicates pectoralis musculature; F, fibrin glue; 
and N, axillary lymph nodes. 


Seromas 





5 8 11 14 
P<,0005 P<.005 P<.05 P<.05 
Postoperative Day 


Fig 2.—Seroma presentation in fibrin glue-treated (open bars) and 
Saline-treated (closed bars) rats following radical mastectomy. Signifi- 
cance is by Fisher's Exact Test. 
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spontaneously in one fibrin glue-treated and several saline- 
treated rats throughout the experiment, this phenomenon 
was not unexpected and is sometimes observed in the clinical 
management of postoperative seroma morbidity. 

The ability of fibrin glue to decrease the frequency of 
postoperative seromas lies in its ability to antagonize several 
of the factors contributing to fluid collection. Both thrombin 
and fibrinogen have been used as topical hemostatic agents 
individually, and, like fibrin glue, cause a platelet-indepen- 
dent clotting plug to form at the level of the capillary. Thus, by 
directly hemostasing disrupted microvascular channels, 
wound hematologic drainage, a major contributor to both 
seroma and hematoma formation, is averted. Fibrin glue has 
repeatedly been shown to be efficacious in vascular anasto- 
moses. ™™ In addition to stopping blood seepage, cryoprecipi- 
tate has been shown to resolve effectively serous fluid leak 
and seromas around such anastomotic sites. These observa- 
tions, along with the ability to stop serous leaks (red cell—inde- 
pendent), correspond with the platelet-independent clotting 
cascade basis of fibrin glue. Since no cellular components are 
used in fibrin glue’s hemostatic control, it would appear that 
these same mechanisms apply to the disrupted lymph chan- 
nels also contributing to seroma presentation. Fibrin glue’s 
ability to “plug” such channels when applied topically is likely 
when viewing seroma presentation in compared control rats. 

The ability of fibrin glue to strengthen the adhesion of an 
elevated skin flap is an important factor in reducing the 
occurrence of seromas. Studies illustrating such efficacies 
document that grafts are bound tightly to the subcutaneous 
matrix and experience enhanced revascularization."’” In- 
creased flap attachment would, in this procedure, virtually 
eliminate any postmastectomy potential space, thereby inhib- 
iting serous reservoir formation and expansion. Ultimately, a 
bound flap with revascularization is prophylactic against ser- 
oma formation and seroma-associated necrosis. 

Fibrin glue’s ability to increase incision line strength post- 
operatively facilitates wound healing. Jorgensen et al” have 
shown an increased tensile strength of incisions treated with 
fibrin glue in the first few days after surgery. They note that 
in this period most of the tensile strength is maintained by the 
fibrin clot. The benefits derived from this lie in the mainte- 
nance of a closed wound in which optimal healing may occur. 

Fibrin glue is also known for its advantages over cytotoxic 
and nonabsorbable synthetic adhesives. Tissue inflammation 
and long-term histological changes are seldom reported. 
However, in 1979, Staindl” discussed some antigenicity with 
fibrin glue, but stated that this is prevented by factor XIII. 
His studies have shown no systemic side effects to fibrin glue 
treatment. There is, however, one documentation in the liter- 
ature of animal sensitivity to human fibrin glue. Goldman et 
al” reported what appeared to be a complement-mediated 
immune response by a small percentage of rabbits at 48 to 72 
hours. It is unlikely that the day 12 death of one fibrin glue- 
treated rat was related to this phenomenon. A necroptic 
examination revealed that seroma tension along the incision 
line pulled several midline sutures through their anchoring 
tissue. There did not appear to be an exudate, which would 
have raised suspicion of either an immunologic or infectious 
cause. | 

Histological changes are also not sequelae of fibrin glue 
treatment. Reported microscopic findings” show a gradual 
reduction in fibrin glue over 14 to 21 days, with no residual 
glue observed at 6 weeks.” A mechanism proposed for this is 
by leukocytic enzymatic degradation of the fibrinogen direct- 
ly in the application field. Additionally, unlike the European 
products, the fibrinogen used does not contain antifibrinolytic 
agents and is expected to be degraded even more rapidly. 
Perhaps the most significant advantage of fibrin glue over 
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surgical drainage is the elimination of the drainage catheter, 
its associated morbidity, and its potential for retrograde in- 
fection by opportunistic pathogens. 

Seroma formation is of considerable importance as a post- 
operative complication in procedures involving the surgical 
creation of a potential space and must be addressed. Further- 
more, the incidence of seromas has been associated with flap 
necrosis and wound infection. Vacuum drainage therapy has 
proved successful in eliminating many seromas; however, this 
procedure is not risk free. A novel approach to this problem 
has been evaluated using an animal model of radical mastecto- 
my. In this model, rats were treated by intraoperative topical 
fibrin glue, a combination of bovine thrombin, and human 
fibrinogen. When compared with control rats, a statistically 
significant reduction in seroma presentation was shown. 
Therefore, the use of fibrin glue in this role merits further 
investigation. 
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Tumor Immunization 


Improved Results After Vaccine Modified With Recombinant Interferon Gamma 


Robert K. Sigal, MD; Michael D. Lieberman, MD; John V. Reynolds, FRCS; Noel Williams, FRCS; Moritz M. Ziegler, MD; John M. Daly, MD 


eThe purpose of this study was to determine if a 3-day in vitro 
culture of the murine neuroblastoma C1300 with 500 U/mL of 
recombinant interferon gamma resulted in a protective cross- 
reactivity to parent C1300. Twenty A/J mice received either a 
vaccine of 1 x 10° irradiated C1300 tumor cells intradermally or an 
equivalent innoculum of C1300 that had been incubated in re- 
combinant interferon gamma (C1300*). One week later, all ani- 
mals were rechallenged with 1 x 10° viable C1300. Animals immu- 
nized with C1300* had a significantly delayed early tumor 
incidence that translated into a survival advantage for the group. 
At the time of tumor rechallenge, a significantly increased level of 
nonspecific systemic immunity was conferred by the C1300* 
immunization. Thus, modification of tumor with recombinant 
interferon gamma before introduction as a vaccine may improve 
that vaccine’s protective capability. 

(Arch Surg. 1990;125:308-312) 


eed specific immunotherapy, the immunization of a 
patient to his or her own tumor by vaccination with 
irradiated autochthonous tumor cells, is the subject of ongo- 
ing clinical trials in surgical patients'* (H. C. Hoover, Jr, J. E. 
Harris, Y. Dayal, Eastern Cooperative Oncology Group. 
Phase III protocol for the evaluation of combined modalities 
in the treatment of colonic carcinoma with positive nodes, 
Dukes’ C or with penetration through the muscularis propria 
or serosa [nodes negative], Dukes’ B,, B,: surgical resection 
alone vs postoperative immunotherapy. Unpublished data, 
ongoing study). This therapy seeks to promote host-immune 
response to tumor-associated antigens (TAAs), ultimately 
leading to the rejection of residual or recurrent neoplastic 
tissues that share the immunizing TAA. While definitive 
isolation and description of TAA are still sought, experimen- 
tal evidence in both humans and animals suggests that TAA 
can be either relatively restricted or corresponded to a large 
number of TA As.*’ 

Recognition of TAA is thought to occur by well-described 
cellular mechanisms. These mechanisms rely on the follow- 
ing: (1) antigen processing and presentation by Ia* dendritic 
cells, macrophages, and lymphocytes’; (2) production of lym- 
phokines by class II restricted helper-cell populations”; and 
(3) subsequent clonal expansion of class I restricted cytotoxic 
cells."’ Other important mechanisms of tumor surveillance 
rely on less well-defined “natural” cytotoxicity. Therapeutic 
schema that augment any arm of either effector mechanism 
should improve the efficacy of tumor vaccination. 

Modification of tumor cells by viral xenogenation,’** hep- 
tenation,” transfection of syngenic class I alleles," or admix- 
ture of cells with bacterial adjuvants” all appear to potentiate 
the immune response to tumors. In some instances these 
modified tumors can confer immunity to unmodified parental 
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lines.” In preliminary studies, we demonstrated that the 
addition of recombinant murine interferon gamma to short- 
term cultures of murine neuroblastoma explants also aug- 
ments tumor immunogenicity.” In the current study we com- 
pared the ability of tumor cells modified by recombinant 
murine interferon gamma with unmodified tumor cells in 
their ability to serve as vaccines against unmodified tumor. 


MATERIALS AND METHODS 


The C1300 neuroblastoma arose spontaneously in strain A mice 
approximately 45 years ago. Its growth and immunizing characteris- 
tics in histocompatible animals have been described.” For the current 
experiments, an aliquot of frozen tumor was thawed and passaged in 
vivo. The resulting tumor was excised, digested, expanded in vitro 
(RPMI supplemented with 10% fetal calf serum, 1% L-glutamine, 
100 g/mL of streptomycin, and 100 U/mL of penicillin), then refrozen. 
When needed, aliquots were thawed from this stock, grown to a 
confluent monolayer, trypsinized briefly, and washed before use. 

Murine recombinant interferon gamma (Genentech, south San 
Francisco, Calif) was added to in vitro cultures at a concentration of 
500 U/mL for 3 days. At the time of harvest, cells exposed to recombi- 
nant murine interferon gamma were washed at least three times 
before use. Effects of this dose on the cell-surface expression of the 
relevant major histocompatibility complex (MHC) gene products 
were assessed by indirect immunofluorescence on a fluorescence- 
activated cell sorter IV autoanalyzer using monoclonal antibodies 
from the following hybridomas (specificities); 16-1-11N (H2K*), 34-1- 
2S (H2K", H2d"), 26-7-11S (Ia‘), and 17-3-3S (Ie*). Hybridomas were 
procured from the American Type Culture Collection, Rockville, Md, 
and expanded to maximal cell density in the recommended media 
before the antibody-laden supernatant was cut with a 40% solution of 
ammonium sulfate for use as stain. Negative controls were stained 
with secondary antibody alone (fluoresceinated goat antimouse 
F(ab’),, Cappel, West Chester, Pa), while splenocytes isolated from 
AKR mice were used as positive controls. 

Mice used in this study were 6- to 10-week-old A/J males (Jackson 
Labs, Bar Harbor, Me). They were housed in climate-controlled, 
virus-free environments, with regulated light/dark cycles. In the 
first experiment, 20 animals were randomized to receive 1x 10° 
irradiated (40 Gy) C1300 tumor cells as an intradermal injection over 
the left flank, or an equivalent vaccination with tumor modified by 
interferon gamma (Fig 1). Seven days later, animals were rechal- 
lenged subdermally over the opposite flank with 1 x 10° viable C1300 
cells. Animals were followed up for tumor incidence (from the time of 
rechallenge), tumor growth (caliper measurements in two orthogonal 
directions), and survival. 

A second experiment of similar design was performed to assess the 
impact of bacille Calmette-Guérin (BCG) in this system (Mycobacte- 
rium bovis, Phipps strain TNC 1029). Fifty animals were randomized 
into five immunization groups: BCG, C1300, recombinant interferon 
gamma modified C1300 (C1300*), C1300 plusBCG (C1300/BCG), and 
C1300/BCG where both BCG and C1300 were administered as 1 x 10° 
organisms intradermally (inocula were admixed where appropriate). 
Animals were rechallenged 1 week later with C1300 and followed up 
as above. 

To characterize the in vivo results, C1300 and C1300* were com- 
pared for their ability to induce the proliferation of naive spleen cells. 
Splenocytes from nonimmunized animals were cultured with each 
tumor in parallel-mixed lymphocyte tumor cultures. Single-cell sus- 
pensions from the pooled spleens of three animals were prepared by 
described techniques,” washed in Hank’s buffered saline, and resus- 
pended at 4 x 10° viable cells per milliliter in complete medium (RPMI 
supplemented with 5% fetal calf serum [Hyclone, Logan, Utah], 1% 
nonessential amino acids, 1% pyruvate/insulin, 1% L-glutamine, 
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Fig 1.— Immunization schema. Animals randomized at day 0 received 
an intradermal vaccination of either 1 x 10° irradiated (40 Gy) C1300 
cells or C1300 cells modified by recombinant interferon gamma 
(C1300*). Groups were rechallenged 7 days later with 1 x 10° viable 
C1300 cells subdermally over the opposite flank. 


100 g/mL of streptomycin, 100 U/mL of penicillin, and 5 x 10 ° mol/L 
of 2-mercaptoethanol). One hundred microliters of this suspension 
was serially diluted in triplicate in round-bottom microtiter plates. To 
these suspensions of responder cells, 100 uL of washed tumor (C1300 
or C1300*) stimulator was overlayed at a concentration of 5 x 10° per 
milliliter of complete medium. Cells were cultured for 5 days at 37°C 
in 5% carbon dioxide, and were then pulsed with 370 000 Bq of 
tritiated thymidine. After 16 hours, plates were harvested (Cam- 
bridge Technology PHD, Cambridge, Mass) and counted for $B incor- 
poration into the DNA. The assay was repeated twice. 

To evaluate the effect of our immunizations on the resultant cyto- 
toxicity, six animals were immunized with either C1300 or C1300* as 
in vivo. For this experiment, a third group of three animals received a 
control injection of saline. After 1 week, spleens from each cohort 
were pooled and the splenocytes assayed for cytotoxicity to C1300, 
C1300*, and YAC-1 (a natural killer-sensitive lymphoma of strain A 
origin) in a 4-hour chromium 51-release assay. Gamma release record- 
ed (Wallac Clinigamma, Gaithersburg, Md) from each triplicate effec- 
tor population was pooled and converted to the percent of specific 
lysis by a standard formula.” 

To further characterize the effector cells responsible for the 
changes seen after immunization with C1300*, we repeated the above 
experiment (after secondary sensitization) with limiting dilutions of 
effectors. By plating small numbers of effectors under conditions that 
allow for the clonal expansion of presumed cytotoxic precursors, one 
can estimate the frequency of those cytotoxic precursors in the native 
(in this case immunized) effector population. Splenocytes from six 
animals immunized with either C1300 or C1300* were prepared as 
before in complete media supplemented with 20% vol/vol supernatant 
from concanavalin A-stimulated rat splenocytes (concanavalin A was 
absorbed with a-methyl mannoside, Sigma, St Louis, Mo). Microcul- 
tures (48 per effector dilution) were initiated in log twofold dilutions 
from 3.2 x 10‘ effectors per well. Besides these effectors, each 200-~L 
well contained constant numbers of irradiated (20 Gy) passenger 
syngeneic but nonimmunized splenocytes (4 x 10°) and 8 x 10* irradi- 
ated (40 Gy) tumor cells. The tumor cells added to each well were the 
same ones used in the initial immunization, ie, cultures initiated with 
splenocytes from animals immunized with C1300 were secondarily 
sensitized in vitro with C1300, while cultures initiated with spleno- 
cytes from mice immunized with C1300* were plated with C1300*. 
After 1 week in culture, plates were centrifuged at 1200 rpm for 4 
minutes, the supernatants were removed, and "Cr-labeled C1300 
(5 x 10°) in fresh complete media was added in a 4-hour release assay. 
In this experiment, cytotoxicity toward radiolabeled YAC-1 was also 
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Fig 2.— Histograms comparing levels of class | (H2K" and H2D") and 
class II (la“ and le“) expressed by C1300 before (left column) and after 
(right column) incubation with recombinant interferon gamma. Note 
the log scale of ordinal units. The mean channel fluorescence is as 
follows: C1300—H2K*=28.4; H2D°=21.3; la‘=9.9; le“=8.9; 
C1300* — H2K* = 182.2; H2D° = 166.3; la“ = 9.6; and le* = 9.4. 


determined, but only at the highest (32 000 cells per well) effector 
dilution. 

In our in vivo experiments, mean survival approximated median 
survival, allowing parametric data analysis. For the two-group com- 
parison necessary in the first in vivo experiment, a Wilcoxon's Rank 
Sum Test was used, while in the second we employed a one-way 
analysis of variance (ANOVA) with a Scheffé multiple comparison 
procedure for the detection of differences between groups. All non- 
parametric data were analyzed by x’ analysis. 


RESULTS 


Culture media containing 500 U/mL of interferon gamma 
reliably upregulates the expression of class I MHC determi- 
nants on C1800 after 3 days.” This expression is maximal 
under these conditions: longer culture periods or larger doses 
of interferon gamma do not further upregulate antigen ex- 
pression. In these experiments, H2K* on C1300 averaged a 
mean channel fluorescence of 28.4, while the mean channel 
fluorescence of C1300* was 182.2 (P<.001) (Fig 2). Equally 
significant changes were found in the expression of H2D", 
which appears to be unaffected by interferon gamma under 
these conditions, as both Ia‘ and Ie‘ stained at levels approxi- 
mating those of the negative controls before and after incuba- 
tion. We have found, however, that longer culture in recombi- 
nant interferon” or recombinant interferon gamma (R.K.S. 
and J.M.D., unpublished data, 1989) can induce C1300's ex- 
pression of Ia‘. 

As shown in Table 1, in our first in vivo experiment, the 
immunization schema used led to a significant delay in tumor 
incidence, but no difference in the eventual tumor engraft- 
ment. By day 10, only 2 of the 10 animals vaccinated with 
C13800* and then rechallenged with C1300 had palpable tu- 
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Table 1.—C1300 Growth and Survival Characteristics in Animals Previously Immunized With Tumor* 


Survival, d 
——~keeoLO 
Tumor-Bearing 


Tumor Incidence 





Day 10 Overall 


42.5+3.2 


*Animals were inoculated intradermally with 1 x 10° irradiated tumor cells 1 week prior to subdermal rechallenge over the opposite flank with live C1300. Both 
tumor incidence and survival are measured from the time of rechallenge. Tumor incidence values are the number of animals with tumor/the number of animals 
rechallenged. 

tThe P values were as follows: day 10 tumor incidence, <.05, using x? analysis; overall tumor incidence, not significant; median tumor-bearing survival, <.05 
using Wilcoxon's Rank Sum Test; and median overall survival, .05 using Wilcoxon's Rank Sum Test. 

Immunogen modified in vitro by 3-day incubation with recombinant interferon gamma. 


Mean + SEM 
34.4+2.5 





Overall 
HF 


Mean + SEM 


39.5+5.1 
50.0+5.6 





Survival, dt 
AL 
Tumor Incidence Tumor-Bearing Overall 
ej S -—————————_ ee 
Immunogen Day 10 Overall Mean + SEM Median Mean + SEM Median 
BCG 9/10 9/10 37.4+4.14 35 42.6 +6.4° 36.5 
C1300 3/10} 3/104 38.0 + 4.68 38 74.4+8 90 
C1300/BCG 7/10 9/10 51.7+6.8° 50 55.8+7.1° 50.5 
C1300§ 0/10} 2/9t 70.5+14.1° 70.5 85.7+5.49 90 
C1300/BCG 1/10} 5/10 49.8 +6.85 43 69 +7.4° 83.5 


*Animals were immunized intradermally with 1 x 10° irradiated tumor cells with and without BCG 1 week prior to rechallenge over the opposite flank with 1 x 10° 
live C1300. Both tumor incidence and survival are measured from the time of rechallenge. 

tScheffé multiple comparison procedure; P<.05: A vs C, D; D vs B, C, E; avs b, c, d, e; c vs b, d, e; and d vse. 

+P<.05 (x? analysis). Tumor incidence values are the number of animals with tumor/the number of animals rechallenged. 


§immunogen modified in vitro by 3-day incubation with interferon gamma. 


mor, compared with 7 of 10 animals in the control group. This 
advantage was lost by day 20 when tumor-bearing animals 
numbered 8 of 10 and 9 of 10 for vaccines C1300* and C1300, 
respectively. In animals with tumor at day 12, tumor growth 
curves were similar, regardless of the vaccine used. Never- 
theless, immunization with C1300* conferred a significant 
(P<.05) mean survival advantage to both tumor-bearing ani- 
mals and to the overall cohort compared with animals given 
the C1300 vaccine. 

In the second experiment, animals vaccinated with C1300* 
had fewer tumors at 10 days than did those immunized with 
C1300 (0 of 10 vs 3 of 10, respectively). Both final tumor 
incidence and tumor growth curves were similar between 
groups. The delay in tumor growth induced by C1300* led toa 
significant (P<.05) survival advantage for those animals de- 
veloping tumors as shown in Table 2. 

The addition of BCG to both C1300 and C1300* vaccines 
diminished each vaccine’s effectiveness. The addition of BCG 
to C1300 had a negative impact on that vaccine’s ability to 
delay tumor incidence at the 10-day point and to protect 
against eventual tumor growth. Nevertheless, the C1300/ 
BCG vaccine remained a significant improvement over BCG 
alone in improving survival, as shown in Table 2 and Fig 3, 
left. The C1300 alone was better than C1300/BCG in protect- 
ing its cohort overall, but because of the small sample size 
(three tumors), C1300 was not significantly different than 
BCG alone in its ability to prolong the survival of tumor- 
bearing animals. 

The addition of BCG to the C1300* vaccine also had an 
adverse impact on its efficacy. While the tumor incidence at 
day 10 was less than BCG alone for both groups, the overall 
tumor incidence was not dissimilar between animals inocu- 
lated with C1300*/BCG and BCG alone. Similarly, while both 
vaccines improved overall survival compared with BCG 
alone, C1300* proved to be significantly better than 
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C1300*/BCG in protecting its vaccinated cohort, as shown in 
Table 2 and Fig 3, right. 

As shown in Fig 4, splenocytes from naive animals prolifer- 
ated similarly over a range of responder dilutions when cul- 
tures were performed using either C1300 or C1300*. In each 
experiment, however, a significant increase favoring C1300* 
at the 20:1 responder-stimulator ratio was seen. This finding 
was similar under different culture conditions in which the 
number of stimulators varied. 

As shown in Fig 5, the cytolytic preference of immunized 
splenocytes in animals immunized with C1300* consistently 
demonstrated increased nonspecific (YAC-1) killing. Al- 
though C1300 is usually susceptible to such nonspecific lysis to 
a small degree,” neither C1300* nor C1300 was lysed by 
freshly isolated immunized splenocytes. By definition, this 
lack of killing suggests no generation of tumor-specific lysis. 
Results from the limiting dilution study correlate with these 
data. In neither immunization cohort at any dilution was 
C1300 lysis found to be statistically different than the null 
hypothesis. However, lysis of YAC-1 was again augmented in 
the C1300* wells (Table 3). 


COMMENT 


The use of autochthonous tumor vaccines has been sug- 
gested as a nontoxic method to enhance an individual’s specif- 
ic immune reactivity to his or her own tumor. Often BCG or 
other immunogenes are concurrently administered to en- 
hance reactivity. To further investigate methods of enhanc- 
ing a tumor vaccine’s protective effects, laboratory studies 
were carried out using cytokines that upregulate cellular 
immunogenecity. Interferon gamma, when added to short- 
term cultures of the murine neuroblastomas C1300 and TBJ, 
upregulated class I MHC determinants on both tumors, and 
rendered the cultured cells more susceptible to rejection by 
unprimed syngeneic hosts.” Nude mice challenged with re- 
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Fig 3.—Left, Overall survival vs time for cohorts of animals immunized with either bacille Calmette-Guérin (BCG), C1300, or 
C1300/BCG, and subsequently rechallenged with C1300. Both C1300 and C1300/BCG conferred significant (P<.05) 


protection to rechallenge compared with BCG alone, 


but C1300 proved significantly (P<.05) more protective than 


C1300/BCG. Right, Overall survival vs time for cohorts of animals immunized with either BCG, C1300*, and C1300*/BCG, 


and subsequently rechallenged with C1300. Both C1300* 


and C1300*/BCG protected against rechallenge compared with 


controls (P<.05), but C1300* was more protective than C1300*/BCG (P<.05). The asterisk indicates modified in vitro with 


500 U/mL of recombinant interferon gamma. 
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Fig 5.—Representative 4-hour chromium release assay characteriz- 
ing the baseline cytotoxicity of splenocytes to YAC-1 targets, 1 week 
after immunization with either C1300, C1300*, or saline. The points 
represent the means of triplicate assays from spleens of three pooled 
animals. | 


combinant interferon gamma-modified tumor showed no such 
rejection preference. The development of immunogenic tu- 
mors is important since they can induce a protective cross- 
reactive immunity to shared (but nonimmunizing) TAA on 
nonimmunogenic tumors. In this study we sought to deter- 
mine if a similarly protective cross-reactive immunity to 
C1300 could be induced by C1300 modified by recombinant 
interferon gamma. 

Our in vivo results suggest that the immune response 
generated by injection of C1300* cross-reacts with the un- 
modified C1300 tumor. The protection conferred had no effect 
on tumor growth once engraftment was established, since 
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Fig 4.— Results of a representative, mixed, lymphocyte-tumor culture. 
Stimulator tumor cells (5 x 10*/mL) were cultured with serial dilutions 
of lymphocyte responders at the given concentrations. Cultures were 
incubated for 6 days before a 16-hour pulse with thymidine. The points 
represent the means of sextuplicates. The asterisk indicates modified 
in vitro with 500 U/mL of recombinant interferon gamma; cpm, counts 
per minute. 


tumor growth curves were similar between groups. Protec- 
tion was manifested by delayed early tumor incidence and a 
significant survival advantage to vaccinated animals. Thus, 
the induced protective mechanism acted at a time of smaller 
tumor burden. 

The addition of bacterial adjuvants to tumor vaccines may 
augment the immune response to the vaccine.” In the animal/ 
tumor model, the addition of BCG diminished the protective 
effects of both C1300 and C1300* vaccines. Much of the early 
work in the study of bacterial adjuvants was directed toward 
defining appropriate strains of adjuvants and optimal tumor- 
adjuvant ratios. In our study, we used the strain of BCG 
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Table 3.—Limiting Dilution Analysis: Splenic Cytotoxicity to 
C1300 and YAC-1 After Vaccination 


Target* 
A x 


Immunogen 
0/48 (32) 
0/48 (16) 
1/48 (8) 
0/48 (4) 
0/48 (32) 
0/48 (16) 
2/48 (8) 
5/48 (4) 
*The numerator is the number of wells with specific lysis greater than 3 SDs 
from spontaneous. The denominator is the number of wells. The number in 
parenthesis is the number of seeded well. 


TP<.01 (x? analysis). 
Tumor modified in vitro with 500 U/mL of recombinant interferon gamma. 


0/24 (32)t 


15/24 (32)T 


currently the subject of an active Eastern Cooperative Oncol- 
ogy Group investigative protocol, and used the tumor-adju- 
vant ratio defined as optimal. However, it may be that in this 
animal/tumor model other BCG strains or tumor-adjuvant 
ratios are preferable. 

Despite suggestive evidence that MHC upregulation 
makes the tumor more susceptible to Lyt-2* mediated lysis, 
we were unable to demonstrate that a T-cell mechanism was 
preferentially initiated. The C1300* and C1300 were essen- 
tially equivalent in inducing lymphocyte proliferation. With 
no differences found in the tumors’ expression of MHC class II 
gene products, these (class II restricted) helper cell/IL-2-de- 
pendent assays gave expected results. In vitro results sug- 
gest an augmentation of nonspecific killing in that the target 
preferentially lysed by C1300*-immunized animals was the 
YAC-1 lymphoma. Recent work by Darrow et al” suggests 
that cytotoxic lymphocytes generated from one tumor can 
recognize shared TAA on another in the context of appropri- 
ate class I determinants. Although C1300 and YAC-1 are of 
different tissue types and are unlikely to share common trans- 
plantation antigens, we have not excluded the possibility that 
recombinant interferon gamma induces the expression of 
TAA on C1300 common to YAC-1. Thus, a T-cell dependent 
mechanism may still be responsible for our results. 

Recombinant interferon gamma has the ability to activate 
natural killer cells. Thus, the possibility exists that recombi- 
nant interferon gamma carried over with the vaccine was 
actually responsible for the results seen in both in vivo and in 
vitro. This causality is unlikely for two reasons. First, C1300* 
injected into athymic nude mice (mice without T cells but with 
potent natural killer systems) grows at least as well as C1300. 
If passenger recombinant interferon gamma were responsi- 
ble for our findings, one would have expected C1300* to grow 
less well in nude mice. Second, interferon’s activating effects 
are transient, lasting on the order of hours. Our rechallenge 
was performed at a time point distant from interferon’s likely 
effects. 

Our data suggest that vaccination with tumor modified by 
recombinant interferon gamma augments host nonspecific 
cytotoxicity compared with an unmodified vaccine, and that 
this augmentation cross-reacts with unmodified tumor to an 
extent which confers a survival advantage on tumor rechal- 
lenge. With interferon’s well described ability to modulate 
human (as well as murine) tumor cell surface proteins, our 
findings may have application to human systems. At the time 
of operation, modifiable tumor becomes available for culture 
in recombinant interferon gamma. It may be particularly 
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important at that time to administer the modified vaccine— 
when tumor burden is low, but the risk of tumor metastases is 
relatively high. Results of the current Eastern Cooperative 
Oncology Group trial will be important to determine the exact 
role of autologous tumor vaccines as adjuvant therapy in the 
surgical patient. 


This study was supported in part by the Georgene S. Harmelin Surgical 
Oncology Research Fund and grant DK 19525 from the National Institutes of 
Health, Bethesda Md. Dr Sigal is the recipient of a Cancer and Nutrition 
Research Training Fellowship, NCI 5-T32-CA-09430-05. 
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eAnorectal melanoma is an aggressive tumor with a reported 5- 
year survival rate of 6%. Recommendations for local surgical 
therapy vary from local excision to abdominoperineal resection. 
Therapy, patterns of failure, and survival were retrospectively 
examined in 32 patients with anorectal melanoma. Twenty-six 
patients were treated surgically, 14 with abdominoperineal re- 
section and 12 with local excision. Local recurrence occurred 
less frequently in patients undergoing abdominoperineal resec- 
tion (4 [29%] of 14) compared with patients undergoing local 
excision (7 [58%] of 12) but developed concomitantly with distant 
or regional metastasis in all but 2 of the 11 patients whose 
operations failed locally. Inguinal nodal disease developed in 15 
patients (47%). Pelvic nodal disease became apparent in only 2 
patients (7%). There was no difference in overall survival be- 
tween the two surgically treated groups (median survival, 19.5 
months for patients treated with abdominoperineal resection vs 
18.9 months for patients treated with local excision). Therefore, 
local excision is recommended when technically feasible since 
these patients eventually succumb to metastasis regardless of 
surgical therapy. 

(Arch Surg. 1990;125:313-316) 


rimary malignant melanoma originating in the anus or 
rectum is very rare, with a reported frequency of 0.4% to 
1.6% of all malignant melanomas.” The first reported case is 
attributed to Moore’ in 1857, and appropriately his report 
dealt with a failure after primary surgical therapy. In a 
review of the literature from 1857 to 1981, 457 reported cases 
were identified since that initial report.” The prognosis for 
anorectal melanoma is dismal, with an overall 5-year survival 
rate of 6%, and a mean survival time of 25 months. 
Recommendations for surgical treatment of this virulent 
tumor have ranged from the very radical (abdominoperineal 
resection (APR) with bilateral inguinal lymphadenectomy) to 
the very conservative with only a local excision (LE).*"” 
There is still very little consensus about the optimal surgical 
treatment in individual patient settings. 
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We reviewed the experience of the M. D. Anderson Cancer 
Center, Houston, Tex, with anorectal melanoma to deter- 
mine an optimal surgical approach. At the outset, we postu- 
lated that radical surgery does not alter the natural history of 
anorectal melanoma because of the high risk of occult distant 
metastasis. Therefore, sphincter-sparing surgery would pro- 
vide sufficient local disease control with less morbidity. 


PATIENTS AND METHODS 


Between 1952 and 1988, 32 patients with a diagnosis of anorectal 
melanoma presented to the M. D. Anderson Cancer Center. The 
patients’ charts were reviewed retrospectively to obtain demograph- 
ic information, details of tumor stage at presentation, the extent of 
surgical therapy, as well as timing and patterns of failure. Initial 
surgical treatment was either APR, with or without excision of iliac 
and obturator nodes, or LE. 

Local failure was defined as a recurrence of disease in the soft 
tissues or skin of the perineum after APR or in the anorectum for 
patients treated with LE. Timing of local failwre was recorded in 
relation to relapses in other regional and/or systemic sites. 

Regional failures were divided into two groups based on the pat- 
terns of lymphatic drainage from the anus and rectum. Inguinal node 
failures were distinguished from pelvic node failures. Pelvic failures 
included both metastasis in the iliac or obturator nodal groups and/or 
rectosigmoid mesentery. 

All patients were followed up until death, or for a median of 10 
months among the five survivors. Overall and disease-free survival 
times and recurrence rates were calculated and then compared for 
patients treated by APR vs LE. Curves were generated according to 
the actuarial method of survival with 0 time as the date of surgical 
treatment, ™™ The statistics were calculated according to the algo- 
rithm of Lee and Desu,” Local recurrence rates were compared using 
x’ analysis. 


RESULTS 


Of 32 patients with a diagnosis of anorectal melanoma, 23 
(72%) presented with localized disease (stage I), 4 (13%) 
presented with regional disease (stage II), and 5 (16%) pre- 
sented with distant metastasis (stage III). The 4 patients 
presenting with stage II disease all had inguinal lymphadeno- 
pathy. Two of the 5 patients presenting with distant metasta- 
sis also had inguinal disease on presentation. Sites of distant 
metastasis at presentation included a combination of lung, 
bone, liver, and gastrointestinal tract (in order of frequency). 

Twenty-six of the 32 patients underwent local surgical 
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therapy either by APR (14 patients) or LE (12 patients). 
Thirteen patients in the APR group and 9 in the LE group had 
stage I disease. The remaining 6 patients did not undergo 
surgical therapy at M. D. Anderson Cancer Center because of 
presentation with advanced disease and were excluded from 
the calculation of recurrence rates. 

Local failure after surgical therapy occurred in 11 (43%) of 
the 26 surgically treated patients. Local recurrence occurred 
less frequently in patients undergoing APR (4 [29%] of 14) 
compared with patients with LE (7 [58%] of 12, P = not signifi- 
cant). Interestingly, however, distant or regional metastasis 
occurred concomitantly in all but 2 of the 11 patients who 
experienced local relapse. 

A relapse in inguinal lymph nodes was part of the first 
recurrence in 9 patients (89%) with stage I disease, and it 
developed at some time in 15 (47%) of the 32 total patients. 
Only 1 patient underwent a prophylactic inguinal lymph node 
dissection, and this was performed as a staged procedure 
after an APR. Six of the 9 inguinal failures in patients with 
stage I disease occurred after APR, and 3 after LE. 

Pelvic nodal recurrences became apparent postoperatively 
in only two patients (7%), one after APR, and one after LE. 
Mesenteric lymph nodes were positive in only 2 (14%) of 14 
APR specimens. Three patients underwent prophylactic bi- 
lateral iliac and obturator node dissections at the time of 
APR, but none of these patients had positive iliac or obturator 
nodes identified at pathologic examination. 

Distant metastasis was the first site of relapse in 10 surgi- 
cally treated patients (40%), and it developed at some time in 
the course of the disease in 18 patients (70%) from the surgical 
group. Twenty-two (69%) of the 32 total patients developed 
documented distant metastasis during the follow-up period. 

Overall survival and disease-free survival curves for the 
entire group are shown in Figs 1 and 2. The median overall 
survival was 18.6 months and the disease-free survival was 
only 6.0 months. There was only one 5-year survivor (3%) and 
that patient was treated with LE. Overall survival and dis- 
ease-free survival curves for patients undergoing APR and 
LE are compared in Figs 3 and 4. There were no significant 
differences in either overall survival (median, 19.5 vs 18.9 
months) or disease-free survival (median, 10 vs 5 months) 
when comparing the two groups. 


COMMENT 


The main focus of this analysis was to determine recommen- 
dations for therapy from a relatively small group of surgically 
treated patients with a rare form of cancer. Because of the 
rarity of this tumor, prior studies have also been limited by 
small groups of patients examined retrospectively. 

Wanebo et al,“ in a review of 36 patients, formulated a 
clinical approach that recommended radical surgery (APR) 
for patients with superficial tumors, based on the finding that 
the only 4 long-term survivors had superficial tumors that had 
been treated with APR. They, however, found no significant 
difference in overall survival times between patients treated 
by APR vs LE. 

Other authors have also recommended APR, based on 
similar data.“ However, Siegal et al,” in a review of 30 
patients, found that the only two 5-year survivors had been 
treated with LE and chemotherapy, but also found no correla- 
tion between the type of treatment and survival, and they 
concluded that in most cases radical surgery is seldom indicat- 
ed. In a series reported by Cooper et al” 6 patients were found 
to be free of disease after 5 years, 2 of whom underwent LE 
and 4 of whom were treated with APR. Again, they found no 
survival benefit with either therapy, but did demonstrate 
better local control with APR. The overall conclusions from 
these published studies show no survival benefit of APR 
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Fig 2.—Disease-free survival of 32 patients with malignant melanoma. 


compared with LE. They do suggest an improved local control 
with APR, but with the sparsity of pathologic details about 
these patients as well as the absence of matched groups 
receiving the two therapies, the issue of local control remains 
unsettled. 

The present study has specifically examined recurrence 
patterns and survival data after surgical therapy to formulate 
a rational surgical approach to thesė patients. It is acknowl- 
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Fig 3.—Overall survival of patients treated with abdominoperineal 
resection vs local excision. 
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Fig 4.—Disease-free survival of patients treated by abdominoperineal 
- resection vs local excision. 


edged that definitive conclusions cannot be made because of 
the retrospective nature of this analysis and the relatively 
small sample size. We found that local recurrence rates were 
lower in the APR group, although this difference was not 
statistically significant. However, 9 of 11 patients with stage I 
disease that recurred locally also had concomitant regional or 
distant metastasis. Local failure, then, may be a local mani- 
festation of systemic disease in these patients. The marginal 
benefit of local control achieved with APR is overshadowed 
by the rapid progression of systemic disease and death. The 
increased morbidity and occasional mortality of APR is diffi- 
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cult to justify, as the seemingly better local control in the 
APR group did not translate into an overall survival benefit. 
Of course, APR may be necessary to achieve local disease 
control for larger lesions. 

Regional recurrence in the inguinal nodes was very com- 
mon, while pelvic recurrence became apparent in only two 
patients. Although earlier studies have found mesenteric 
nodal metastasis in up to 60% of APR specimens, "”” suggest- 
ing that pelvic nodal disease may be a problem, this study 
identified only 2 of 14 APR specimens with mesenteric nodal 
metastasis. Iliac nodal metastases were rare in our patients, 
and almost never became symptomatic in the later stages of 
disease, suggesting that prophylactic iliac node dissection is 
not beneficial. The difference in mesenteric nodal metastasis 
between other studies and our own may be explained by 
differing locations of the primary tumor among these series.” 
A higher incidence of pelvic nodal disease may be reflected by 
a higher incidence of tumor arising purely in the rectum”” or 
at the squamocolumnar junction, with lymph-node drainage 
to the iliac nodes, as opposed to melanoma arising in the anus, 
which would more likely metastasize to the inguinal nodes. is 

In light of the patterns of recurrence, combined with the 
median survival data, it is difficult to recommend an APR, 
with its attendant morbidity and mortality, as part of the 
primary surgical therapy if LE is technically feasible. The 
APR certainly has no impact on the high incidence of inguinal 
recurrence. Pelvic recurrence in this study did not seem to be 
a major issue. Although local control was slightly improved in 
the patients treated with APR, local recurrence almost in- 
variably developed in the face of distant or regional disease, 
and therefore APR afforded no survival benefit over LE. 

Unfortunately, these patients, when they present with 
seemingly localized disease, most likely have micrometastatic 
disease as well. It is unlikely that any one local therapy will 
have an impact on survival over another. As a result, the goal 
of surgical therapy should be a reasonable chance for local 
control with minimal morbidity and maximal preservation of 
the quality of life, perhaps simply by removal of the primary 
tumor with normal margins. We recommend that local thera- 
py for the primary tumor should be a sphincter-sparing local 
excision when technically feasible. Abdominoperineal resec- 
tion should be reserved for those patients with bulky local 
disease that cannot be removed by local excision alone and for 
salvage local control in selected patients who have local 
recurrences. 

The timing and treatment of microscopic or occult metasta- 
sis in the inguinal nodes cannot be settled from our study, 
except to emphasize its high frequency. The treatment alter- 
natives for nodal micrometastases consist of prophylatic groin 
dissection, radiation therapy, or observation and treatment 
only for clinically positive nodal disease if it develops later. 
The risk of inguinal metastasis is bilateral, and an elective 
bilateral groin dissection carries a significant morbidity,” and 
asurvival benefit from carrying out this procedure for anorec- 
tal melanoma has not been demonstrated by any authors, to 
our knowledge. 

Radiation therapy is another alternative to achieve region- 
al disease control. Recently presented data from M. D. An- 
derson Cancer Center, where intermediate and thick melano- 
mas of the head and neck were treated with excision of the 
primary tumor and prophylactic high-dose/low-fraction radi- 
ation therapy to cervical nodal basins, has resulted in excel- 
lent nodal control.” A similar approach at our institution is 
now being used to irradiate the inguinal nodal regions com- 
bined with the perineum and local site of the primary anorec- 
tal tumor. However, there are no results as yet. Clearly, 
these high-risk patients would benefit from systemic therapy 
but, unfortunately, none of the currently available drugs has 
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proved activity. 

This study demonstrates the highly aggressive nature of 
anorectal melanoma despite diagnosis at a clinically localized 
stage. These patients succumb to regional and distant metas- 
tasis early in the course of disease independent of the primary 
surgical therapy, whether it be APR or LE. Local control is 
slightly enhanced with APR compared with LE, but it offers 
no survival advantage. This study supports the recommenda- 
tion that LE should be the initial treatment of choice where 
possible, and APR used for salvage therapy. The optimal 
treatment of the high-risk inguinal nodal regions remains 
unsettled. 
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Young Adults With Head and Neck Cancer Express Increased Susceptibility to Mutagen- 


Induced Chromosome Damage 


Stimson P. Schantz, MD; T.C. Hsu, PhD; Nancy Ainslie, RN; Richard P. Moser, MD 


Factors that contribute to an increased prevalence of squamous cell carcinoma of the upper aerodigestive tract 
among young adults in the United States remain unknown. A potential etiologic factor may relate to a genetically 
controlled sensitivity to environmental carcinogens. This study, therefore, examined 20 young adult patients 
who had squamous cell carcinoma for mutagen-induced chromosome sensitivity. Lymphocytes from respective 


patients were cultured, exposed to the clastogen bleomycin, arrested during metaphase, and examined 
quantitatively for chromosome breakage. As compared with an age- and sex-matched control population, as well 
as a population of patients who had non-squamous cell carcinoma head and neck tumors, the young adult 
population with squamous cell carcinoma expressed a significantly increased number of bleomycin-induced 
chromosome breaks per cell. Furthermore, among the study patients, chromosome sensitivity was most apparent 
in the non-tobacco users and in patients less than 30 years of age. The expression of such chromosome fragility 
following mutagen exposure should be considered in epidemiologic studies that intend to define risk factors for 
development of head and neck cancer (JAMA. 1989;262:3313-3315). 

Reprint requests to the Department of Head and Neck Surgery, The University of Texas M. D. Anderson Cancer Center, 1515 


Holeombe Blvd, No. 69, Houston, TX 77030 (Dr. Schantz). 
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Isolated Limb Perfusion for Localized 


Melanoma of the Extremity 


A Matched Comparison of Wide Local Excision With Isolated 


Limb Perfusion and Wide Local Excision Alone 


Michael J. Edwards, MD; Seng-Jaw Soong, PhD; Arthur W. Boddie, MD; Charles M. Balch, MD; Charles M. McBride, MD 


è The therapeutic efficacy of isolated limb perfusion in pa- 
tients with localized melanoma of the extremity remains contro- 
versial. We compared patients treated at the University of Texas 
M. D. Anderson Cancer Center, Houston, with wide local excision 
and isolated limb perfusion using either melphalan or imidazole 
carboxamide with a group matched for prognostic factors from 
the University of Alabama at Birmingham and the University of 
Sydney (Australia) who were treated with wide local excision 
alone. No significant difference in disease-free or overall survival 
rates was found between patients treated with wide local exci- 
sion with adjuvant isolated limb perfusion or wide local excision 
alone. However, a subset of patients with thicker lesions (>2.0 
mm) treated with wide local excision and isolated limb perfusion 
using melphalan had a significant improvement in both disease- 
free and overall survival rates. These data suggest that isolated 
limb perfusion using melphalan may improve survival rates in 
selected patients with localized melanoma of the extremity who 
are at increased risk for local and regional micrometastases, and 
justifies the continued study of this treatment approach in pro- 
spective clinical trials. 

(Arch Surg. 1990;125:317-321) 


go limb perfusion (ILP) was first clinically used as a 
regional drug delivery system for the treatment of melano- 
ma of the extremity by Creech et al’ more than 30 years ago. 
The therapeutic efficacy of ILP for the treatment of locally 
recurrent melanoma and in-transit metastases is well estab- 
lished.”* Considerable controversy, however, persists re- 
garding the therapeutic efficacy of adjuvant ILP in patients 
with localized (American Joint Committee on Cancer, stages I 


and II) melanoma of the extremity. A lack of consensus exists 
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because support for adjuvant ILP has come largely from 
retrospective studies comparing patients treated with adju- 
vant ILP with historical controls treated with surgical exci- 
sion alone. In addition, many studies of adjuvant ILP from the 
1960s and 1970s are not interpretable because of a lack of 
accurate staging based on tumor thickness. A single prospec- 
tive randomized trial evaluating the therapeutic value of ILP 
has been conducted, but only 37 patients with localized mela- 
noma were evaluated.” Two recent reports compared patients 
treated with surgical excision and ILP with patients matched 
for prognostic factors who were treated with surgical excision 
alone, but yielded conflicting results.*” 

The University of Texas M. D. Anderson Cancer Center 
(MDACC), Houston, has treated patients judged to be at risk 
for local or regional metastasis with adjuvant ILP for almost 
30 years. We compared a consecutive series of patients with 
localized melanoma of the extremity of known thickness 
treated with wide local excision (WLE) and ILP with a group 
of patients matched for prognostic factors from the Universi- 
ty of Alabama (Birmingham) and the University of Sydney 
(Australia) (UAB/Sydney) who were treated with WLE 
alone. Patients were individually matched for prognostic fac- 
tors to test the hypothesis that adjuvant therapy with ILP 
improves both disease-free and overall survival rates. 


MATERIALS AND METHODS 


A consecutive series of 190 patients at the MDACC with localized 
melanoma of the extremity, judged to be at high risk for local or 
regional metastasis, were treated with WLE and ILP between 1979 
and 1985. Consideration of prognostic factors (Breslow’s thickness, 
Clark’s level, site, and gender) allowed individual computer matching 
of 151 patients treated with WLE and adjuvant ILP with 151 patients 
treated with WLE alone from the UAB/Sydney melanoma database. 
Between September 1979 and March 1983, 85 MDACC-matched 
patients were perfused with melphalan. Between March 1983 and 
December 1985, a second group of 66 MDACC-matched patients were 
perfused with imidazole carboxamide . All perfusions were done by 
three surgeons using the same standardized technique. 


Isolated Limb Perfusion—Edwards etal 317 


Patient Eligibility 


All patients had lesions distal to the apex of the femoral triangle in 
the lower extremity and distal to the deltoid insertion in the upper 
extremity. Severe peripheral vascular disease, lymphedema, periph- 
eral neuropathy, and pregnancy excluded patients from treatment 
with ILP because these factors were thought to be associated with 
increased operative risk. 


Operative Technique 


The operative technique was the same throughout the study.° In 
brief, for upper extremity perfusion, the axillary artery and vein 
were exposed through an infraclavicular incision extending from just 
below the head of the clavicle to the anterior axillary fold. A trans- 
verse incision extending 1 em above the anterosuperior iliac spine to 
the lateral board of the rectus muscle was used for the retroperitoneal 
exposure of the iliac vessels in lower extremity perfusion. Patients 
were systemically anticoagulated with 200 international units per 
kilogram of sodium heparin. An arteriotomy and venotomy were 
made, cannulas were passed, and an occluding tourniquet was placed 
proximal to the outlet portals of the cannulas. 

Circulation was reestablished by a pump oxygenator. The perfu- 
_ sate was heated to 49.0°C and skin temperature of the perfused limb 
was continuously monitored and kept at 39.0°C or less. The chemo- 
therapeutic agent was added to the reservoir of the circuit at the 
appropriate dose (2 g of imidazole carboxamide per square meter, 1.5 
mg of melphalan per kilogram). Because obese extremities were 
thought to be associated with an increased risk of complications, drug 
doses were reduced 10% for an obese extremity and increased 10% for 
a muscular extremity. After 1 hour of isolated perfusion, dextran 70 
was used to wash out the perfusate. One unit of packed red blood cells 
was infused into the perfusion circuit following washout. Cannulas 
were removed and the venotomy and arteriotomy closed. 


Analysis 


The prognostic factors and demographic data analyzed included 
age, gender, site of melanoma, Clark’s level, and Breslow’s thickness. 
Complications of ILP were separately tabulated. Disease-free and 
overall survival rates were analyzed by the method of Kaplan-Meier. 
The following null hypotheses were tested in patients with localized 
melanoma of the extremity: 

1. There is no significant difference in disease-free or overall sur- 
vival rates between patients treated with WLE and ILP and matched 
patients treated with WLE alone. 

2. There is no significant difference in disease-free or overall sur- 
vival rates between the subset of patients treated with WLE and ILP 
using melphalan and matched patients treated with WLE alone. 

3. There is no significant difference in disease-free or overall sur- 
vival rates between the subset of patients treated with WLE and ILP 
using imidazole carboxamide and matched patients treated with 
WLE alone. 

4. There is no significant difference in disease-free or overall sur- 
vival rates between the subset of patients with thicker lesions treated 
with WLE and ILP using melphalan and matched patients treated 
with WLE alone. 

5. There is no significant difference in disease-free or overall sur- 
vival rates between the subset of patients with thicker lesions treated 
with WLE and ILP using imidazole carboxamide and matched pa- 
tients treated with WLE alone. 

Survival differences between groups were analyzed by the Wil- 
coxon signed rank test and the log-rank test and significance was 
assumed at P<.05. 


RESULTS 
Demographics 


Patient characteristics, including the number of patients 
with each prognostic factor, are shown in the Table. The 
median age for patients from MDACC treated with WLE and 
ILP was 46 years. The computer-matched patient group from 
the UAB/Sydney series, treated by WLE alone, had a median 
age of 48 years. Prognostic factors between groups were 
virtually the same. 

Distribution according to anatomic site was identical for 
individually matched patient pairs. Individual matching for 
tumor thickness less than 0.1 mm was achieved for 84% of 
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Distribution of Demographic and Prognostic Factors 
in 302 Patients 


Patients, No. (%)* 





MDACC 
WLE and ILP 


UAB/Sydney 
WLE Alone 





Factor 






















Breslow’s thickness, mmt 
<1.50 32 (21) 53 (35) 
1.50-2.49 62 (41) 54 (36) 
2.50-3.99 24 (16) 18 (12) 
=4.00 22 (15) 19 (13) 
Unknown 11 (7) 3 (2) 

Clark’s level 
Il 2 (1) 2 (1) 
Ill 45 (30) 37 (24) 
IV 84 (56) 93 (62) 
V 10 (7) 10 (7) 
Unknown 10 (7) 9 (6) 

Site of lesion 
Upper arm 19 (13) 19 (13) 
Lower arm 15 (10) 15 (10) 
Hand 5 (3) 5 (3) 
Thigh 22 (14) 22 (14) 
Calf 51 (34) 51 (34) 
Foot 39 (26) 39 (26) 














Gender 
M 






57 (38) 53 (35) 
94 (62) 98 (65) 


*MDACC indicates the University of Texas M. D. Anderson Cancer Center, 
Houston; UAB/Sydney, University of Alabama (Birmingham) and University of 
Sydney (Australia) group; WLE, wide local excision; and ILP, isolated limb 
perfusion. 

tMedian thickness in the MDACC study was 1.9 mm and in the UAB/Sydney 
study was 1.8 mm. 






patient pairs. Patients with inadequate matching for tumor 
thickness (>1.0 mm), or in those whose tumor thickness was 
unknown, were identically matched for Clark’s level and gen- 
der. The median thickness of melanoma was 1.9 mm for the 
group treated with WLE and ILP and 1.8 mm for the group 
treated with WLE alone. Clark’s levels were similarly dis- 
tributed with 64% of patient pairs identically matched. Iden- 
tical matching by gender was achieved in 96% of patients. 


Complications 


Complications of 151 patients treated with WLE and ILP 
were infrequent, as listed below:) 


Complication 
Infection 
Neuropathy 
Chronic edema 
Bleeding/hematoma 
Amputation 
Skin loss/necrosis 


A 73-year-old man with diabetes mellitus and peripheral 
vascular disease who was perfused with imidazole carboxa- 
mide developed a gangrenous infection at the site of a toe 
amputation for a subungual melanoma. He was the only pa- 
tient who had a complication requiring amputation. Two pa- 
tients perfused with melphalan and one perfused with imidaz- 
ole carboxamide developed a mild chronic peripheral 
neuropathy. Two patients perfused with melphalan had mild 
to moderate chronic, postoperative extremity edema. Other 
complications generally resolved in the immediate postopera- 
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Fig 1 _—Disease-free (left) and overall survival (right) rates for all patients treated with wide local excision and isolated limb 
perfusion (diamonds; n= 149) compared with individually matched patients treated with wide local excision alone (squares; 


n= 151). | 
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Fig 2.—Disease-free (left) and overall survival (right) rates for patients treated with wide local excision and isolated limb 
perfusion using melphalan (diamonds; n = 84) compared with individually matched patients treated with wide local excision 


alone (squares; n= 84). 


tive period without long-term disability. There was no hospi- 
tal mortality in the perfusion of these 151 patients. 


- Survival 


All patients were followed up for at least 24 months. The 
median follow-up for patients treated with WLE and adju- 
vant ILP was 55 months. Patients perfused with melphalan 
had a median follow-up of 72 months; those perfused with 
imidazole carboxamide had a median follow-up of 42 months. 
The median follow-up for patients treated with WLE alone 
was 47 months. Disease-free and overall survival rates for the 
total group of patients treated by WLE and adjuvant ILP or 
WLE alone were similar (Fig 1). Patients were then grouped 
by chemotherapeutic agent (melphalan or imidazole carboxa- 
mide) and compared with individually matched patients treat- 
ed with WLE alone. The group of patients perfused with 
melphalan showed a trend toward increased disease-free and 
overall survival rates, but this difference was not statistically 
significant (Fig 2). Disease-free and overall survival rates for 
patients perfused with imidazole carboxamide were similar to 
those for patients treated with WLE alone (Fig 3). 
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Patients with thicker lesions are more likely to have occult 
micrometastatic disease for the subsequent development of 
locally recurrent or in-transit melanoma. Since perfusion 


treats the entire extremity at risk for local and in-transit ` 


recurrences, we reasoned that patients with thicker lesions 
would be the subset most likely to show benefit if ILP was 
therapeutically effective. We found significant statistical in- 
creases in both disease-free and overall survival rates for the 
subset of patients with lesions greater than 2.0 mm in thick- 
ness who were perfused with melphalan (Fig 4). However, 
this increased survival with ILP was not seen for patients 
with thicker lesions (>2.0 mm) perfused with imidazole car- 
boxamide (Fig 5). 


COMMENT 


Our study identified a subset of patients with localized 
melanoma of the extremity for whom adjuvant ILP increased 
disease-free and overall survival rates. These data support a 
hypothesis that melanoma metastasizes sequentially from 
local to distant sites. Subgroups of patients at high risk for 
regional nodal, in-transit, and local recurrences, but at rela- 
tively low risk for distant micrometastasis, can be identified 
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Fig 3.—Disease-free (left) and overall survival (right) rates for patients treated with wide local excision and isolated limb 
perfusion using imidazole carboxamide (diamonds; n = 65) compared with individually matched patients treated with wide 
local excision alone (squares; n = 67). 
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Fig 4.—Disease-free (left) and overall survival (right) for patients with melanoma greater than 2.0 mm thickness treated with 
wide local excision and isolated limb perfusion using melphalan (diamonds; n= 25) compared with individually matched 
patients treated with wide local excision alone (squares; n = 25). 
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Fig 5.—Disease-free (left) and overall survival (right) rates for patients with melanoma of greater than 2.0 mm thickness 
treated with wide local excision and isolated limb perfusion using imidazole carboxamide (diamonds; n = 24) compared with 
individually matched patients treated with wide local excision alone (squares; n = 24). 
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by iti factors. Melanomas of intermediate thickness 
(1.5 to 4.0 mm), especially the thinner lesions, are more likely 
to have nodal micrometastases, and less likely to have satel- 
lite or in-transit micrometastatic disease. These patients may 
be best treated by prophylactic regional lymphadenectomy. 
However, as thickness increases, the likelihood of satellite 
and in-transit micrometastatic disease significantly in- 
creases, and consideration to patient selection for prospective 
randomized trials evaluating the efficacy of ILP should be 
given. 

To our knowledge, this is the first matched comparison 
evaluating more than one pharmacological agent in ILP for 
the treatment of localized melanoma of the extremity. Al- 
though our study was limited by lack of concurrent controls 
(as in a prospective randomized trial), we attempted to 
strengthen this matched comparison by following the princi- 
ples outlined by Bailar and associates’ for studies without 
internal controls. Our analysis, including the evaluation of 
patients with thicker lesions as a separate subset, was 
planned before the data were generated. Hypotheses were 
listed prior to observation of results. By individually match- 
ing patients according to four prognostic factors, we attempt- 
ed to reduce confounding variables related to variation in 
stage of disease between groups. 

A review of the literature reveals that only two other 
studies, to our knowledge, matched patients by prognostic 
factors, and only one prospective randomized trial has been 
done evaluating the efficacy of ILP. The study of Ghussen and 
coworkers,’ in the only prospective randomized trial of isolat- 
ed limb perfusion, found an advantage for perfusion in 19 
patients treated with WLE and elective regional lymph node 
dissection and ILP vs 18 patients treated with WLE and 
elective regional lymph node dissection. However, because of 
the relatively small number of patients studied and the pre- 
mature closure of the trial when statistical significance was 
found, these data offered suggestive, but not conclusive, 
evidence for the efficacy of adjuvant ILP. 

Martijin and coauthors’ conducted a study of patients from 
Groénigen, the Netherlands, who were treated with adjuvant 
perfusion and compared with a matched group of patients 
from Sydney who were not perfused. They found a statistical- 
ly significant improvement in the rate of locoregional recur- 
rence in female patients who had been perfused for melanoma 
of the leg (excluding the foot). Franklin and associates’ then 
compared the same group of patients from Grénigen, treated 
with adjuvant ILP, with a matched group from the Nether- 
lands and Westphalia (a region of West Germany bordering 
the Netherlands) who were not perfused.’ They hoped to 
achieve a more valid comparison by minimizing geographical- 
ly related factors, such as skin complexion and sun exposure, 
that potentially contribute to variation in the behavior of 
melanoma in the study of Martijin et al. Franklin and asso- 
ciates found no difference in disease-free or overall survival 
rates. Because Martijin and coauthors had poorer survival 
rates for matched patients who were not perfused, Franklin 
et al concluded that factors related to geographical location 
might account for this apparent disparity. 

Our survival rates for patients having adjuvant ILP were 
consistent with the findings of both Martijin et al‘ and Frank- 
lin et al.’ Our patients treated with WLE alone had a 5-year 
overall survival rate of 77% compared with the approximately 
84% reported by Franklin et al and the approximately 71% 
reported by Martijin et al. We found survival rates for pa- 
tients perfused with imidazole carboxamide remarkably simi- 
lar to those of our patients treated with WLE alone in the 
UAB/Sydney melanoma series. We interpret this to mean 
that it is unlikely that skin complexion, sun exposure, and 
other geographically related factors contributed to the differ- 
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ence in survival seen between patients who were treated in 
each of the two locations in our study. If ILP with melphalan 
was not therapeutically effective, and the increase in disease- 
free and overall survival rates was only due to variations in 
the biology of disease related to the two geographical sites, 
then we would have expected to see an improved survival for 
both imidazole carboxamide and melphalan. 

Furthermore, if the increase in survival rates with ILP 
using melphalan had been due to selection bias alone, we 
would have also expected this to affect patients perfused with 
imidazole carboxamide (unless imidazole carboxamide actual- 
ly decreases survival). Our study suggests that perfusion 
with imidazole carboxamide has little therapeutic efficacy. 
Patients perfused with imidazole carboxamide therefore 
served as an internal control group adding further strength to 
our conclusion that ILP with melphalan may be therapeutical- 
ly efficacious for thicker melanomas. Thus, these data sug- 
gest that the increased advantage in survival is not simply due 
to geographically related factors or selection bias. The thera- 
peutic value of ILP with melphalan in patients with thicker 
lesions, who are at increased risk for locally recurrent melano- 
ma and in-transit disease, appears to be the primary reason 
for our observation of increased survival in this subset of 
patients. 

Although our study identifies a subset of patients with 
increased survival with ILP, we do not currently recommend 
ILP as standard therapy for localized melanoma. Matched 
comparison studies without concurrent controls should not be 
the basis for establishing standard therapy, particularly 
when highly technical surgical therapy may be associated 
with significant morbidity and cost. The definitive solution to 
the question of adjuvant ILP for localized melanoma can best 
be determined by prospective randomized trials. 

Currently, the European Organization for Research and 
Treatment of Cancer and the World Health Organization are 
conducting multi-institutional prospective randomized trials 
evaluating adjuvant ILP. These investigations promise to 
provide further information on the potential usefulness, or 
lack thereof, of adjuvant ILP treatment. Further studies are 
necessary to interpret more clearly the findings of this 
matched comparison study. A prospective randomized trial 
from the MDACC evaluating the efficacy of WLE plus ILP vs 
WLE alone will be most useful in making definitive recom- 
mendations regarding adjuvant ILP. A phase I trial at the 
MDACC is currently under way to determine the maximum 
tolerated dose of melphalan in ILP. A phase III study evalu- 
ating the therapeutic value of adjuvant ILP using the appro- 
priate dosage determined by the phase I study would then be 
most useful. 
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Prognosis of Thick Cutaneous Melanoma 
of the Trunk and Extremity 


Daniel Coit, MD; Paul Sauven, MD, FRCS; Murray Brennan, MD 


è The records of 129 patients with thick cutaneous melanoma 
of the trunk or extremity treated at Memorial Sloan-Kettering 
Cancer Center, New York, NY, between 1974 and 1984 were 
reviewed with the aim of defining prognostic variables. All prima- 
ry lesions invaded subcutaneous fat, were Clark level V, or of a 
Breslow thickness of 4.0 mm or greater. Treatment in all cases 
was by wide excision with or without split-thickness skin graft; all 
patients underwent regional lymph node dissection. Overall sur- 
vival rate for the group was 47% at 5 years and 36% at 10 years. 
Factors independently predictive of survival were pathologic 
negative nodes (71% at 5 years compared with 28% for patholog- 
ic positive nodes) and extremity site (58% at 5 years compared 
with 33% for truncal site). Patients with node-negative thick cuta- 
neous melanoma of the extremity had a 5-year survival rate of 
82%. Patients with node-positive truncal thick cutaneous mela- 
noma had a 5-year survival rate of only 8%. There was no differ- 
ence between the 5-year survival rate of patients with node- 
negative truncal thick cutaneous melanoma, 52%, and patients 
with node-positive thick cutaneous melanoma of the extremity, 
42%. Nearly half of the patients with thick cutaneous melanoma 
of the extremity and trunk present with locoregional disease, at a 
stage when an aggressive surgical approach is warranted. Prog- 
nostic variables of pathologic nodal status and site identify pa- 
tients at risk for early systemic failure. 

(Arch Surg. 1990;125:322-326) 


t is frequently stated that patients with thick cutaneous 

melanoma (TCM) have not only a high risk of regional nodal 
metastases, but also a high risk of occult systemic disease at 
the time of presentation.’* The concept that these patients 
have such a poor overall prognosis has led many surgeons to 
consider treatment of these patients to be primarily 
palliative. 

The objective of this study was to reevaluate the outcome of 
patients with TCM of the extremity or trunk undergoing wide 
excision with or without  split-thickness skin graft 
(WE +STSG) and regional lymph node dissection (RLND), to 
define prognostic variables and patterns of failure, and to 
identify subsets of patients with low, intermediate, or high 
risk of recurrence who would be suitable candidates for accru- 
al to postoperative adjuvant therapy trials. 


PATIENTS AND METHODS 
Methods 


Between 1974 and 1984, 1019 patients with malignant melanoma 
underwent WE + STSG and axillary or inguinal lymphadenectomy by 
the staff of the Department of Surgery at Memorial Sloan-Kettering 

Cancer Center, New York, NY. Of this group, 129 patients (13%) had 
TCM of the trunk or extremity, defined as melanoma invading subcu- 
taneous fat (Clark level V) or with a Breslow thickness of 4 mm or 
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greater. These patients form the basis of this review. 

During the same period, we identified 19 patients with TCM of the 
trunk or extremity who did not undergo regional lymphadenectomy. 
While the reasons for nonoperative treatment of the nodes was not 
always apparent from a review of the medical record, these patients 
were excluded from the current analysis as they did not undergo 
pathologic staging with respect to the nodes. Furthermore, these 
patients were too few and too selected to compare as a group with the 
patients presented in our study. 

Prognostic features studied included patient age and sex, primary 
tumor site, level, depth, ulceration, clinical and pathologic nodal 
status, macroscopic nodal appearance, number of positive nodes, and 
status of the highest node dissected. 

Staging was performed according to the 1984 recommendations of 
the American Joint Committee on Cancer (AJCC). The primary 
melanoma was classified as follows: TX, not assessable; T0, Clark 
level I or in situ; T1, Clark level II (<0.75 mm); T2, Clark level III 
(0.75 to 1.50 mm); T3, Clark level IV (1.51 to 4.0 mm); and T4, Clark 
level V (>4.0 mm) or satellites within 2 cm of the primary lesion. The 
nodes were classified as follows: NX, not assessable; NO, none; N1, 
one regional node station involved, nodes mobile and less than 5 cm in 
diameter, or less than five intransit metastases and negative nodes; 
and N2, more than one regional nodal station involved, or nodes fixed 
or greater than 5 cm in diameter, or more than five intransit metasta- 
ses, or any intransit metastases and positive nodes. Metastases were 
classified as follows: MX, not assessable; MO, none; M1, skin and/or 
subcutaneous metastases; and M2, visceral metastases. The stages 
were grouped as follows: IA, patients showing characteristics T1, 
NO, and MO; IB, patients with T2, NO, and MO; IIA, patients with T3, 
NO, and MO; IIB, patients with T4, NO, and MO; III, patients with any 
T, N1, and MO; and IV, patients with any T, N2, and MO, or any T, any 
N, M1 or M2. According to this system all node-negative patients 
with no intransit metastasis in our study were classified as having 
stage II disease. Patients with one nodal station involved, or patients 
with less than five intransit lesions and no nodal involvement, were 
classified as having stage III disease. Patients with more than one 
nodal station involved (eg, bilateral axillae, bilateral groins, either 
axilla and either groin, or both superficial and deep groin on the same 
side were all equivalent to N2), nodal and intransit metastases (also 
N2), or any systemic metastases (M1 or M2) were classified as having 
stage IV disease. 

The patterns of first and all recurrences after lymphadenectomy 
were recorded. Recurrence was defined as local if occurring within 
5 em of the primary; nodal, if occurring within the primarily dissected 
lymph node basin; and regional, if occurring as intransit disease 
between the primary site and the dissected lymph node basin. Sys- 
temic recurrence was defined as extraregional metastases, including 
remote nodal, soft-tissue, and visceral sites. 

Follow-up was determined from time of diagnosis to time of death 
or last follow-up. Mean follow-up was 54 months for the entire group, 
30 months for patients who died of the disease, and 85 months for 
patients free of disease at last follow-up. 

Survival analysis was by the method of Kaplan and Meier,* with 
comparison of survival distributions by the log rank method of Peto et 
al.” Multivariate analysis of variables found significant by univariate 
analysis was performed using the Cox model of proportional hazards." 
Differences were considered significant at the P<.05 level. 

Wide excisions of the primary lesions were performed to achieve a 
3- to 5-em margin where possible. Split thickness skin grafting was 
required in 74 patients (57%), the remainder having a primary clo- 
sure. Ten patients had digital amputations, and 6 patients with 
midline truncal primary lesions had bilateral axillary node dissec- 
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tions. Simultaneous isolation limb perfusion was performed in 
16 patients. 

Patients with pathologically positive nodes were entered into one 
of several phase I adjuvant immunotherapy protocols and all patients 
were referred for consideration of radiation therapy or systemic 
chemotherapy following systemic failure. 


i 
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Patient Characteristics 


There were 76 men and 53 women participating in the study. Nine 
patients were 30 years of age or less; 18 were between 31 and 40 years; 
25 were between 41 and 50 years; 37 were from 51 to 60 years; 30 were 
from 61 to 70 years; and 10 were more than 70 years old. Sixty-two 
were node-negative; of the node-positive patients, 24 had one node; 
19 had two to three; 18 had more than three; and 6 were unknown. Of 
the positive nodes, 47 were macroscopic, 19 were microscopic, and 1 
was unknown. Of the node-positive patients, the highest node dis- 
sected was positive in 9, negative in 56, and unknown in 2. Of patients 
where the Clark level of the primary was specified, 1 was Clark level 
II; 9 were Clark level III; 53 were Clark level IV; and 53 were Clark 
level V. Of patients in whom the Breslow thickness of the primary 
was specified, 5 were 1.5 mm to 4 mm, and 96 were more than 4 mm 
thick. The median thickness of the primary lesions was 6.0 mm in the 
101 patients in whom thickness was recorded. Ulceration of the 
primary was present in 80 patients, absent in 46, and unknown in 3. 
There were 75 patients (58%) without palpable regional nodes, clini- 
cally AJCC stage II, who underwent elective lymph node dissection 
(ELND). Therapeutic lymph node dissection (TLND) was undertak- 
en in 43 patients (34%), clinically AJCC stage III; this included 41 
patients with positive regional nodes and no extraregional disease, 
and 2 patients with less than five intransit metastases and no clinical 
regional lymphadenopathy. Eleven patients (8%) were clinically 
AJCC stage IV for whom lymphadenectomy was termed palliative 
(PLND); this group included 3 patients with known systemic disease, 
3 patients with intransit metastases and clinical lymphadenopathy, 
and 5 patients with clinical lymphadenopathy in two nodal basins. Ina 
further 5 patients disease was upstaged to pathologic stage IV after 
lymphadenectomy: 4 had involvement of two nodal basins and 1 had 
clinically unsuspected metastatic disease in nodes with less than five 
intransit lesions. 


Clinical and Pathologic Staging 


The correlation between clinical and pathologic staging is shown in 
Table 1. The clinical assessment of nodal status was 74% accurate. Of 
75 patients with clinically negative regional nodes, 24 (82%) had 
histologically positive nodes. Conversely, of 43 clinical patients with 
stage III disease with palpably enlarged regional nodes, 11 (22%) 
were found to have benign nodes histologically. 


RESULTS 
Survival 


The overall survival rate for all patients was 47% at 5 years 
and 36% at 10 years. Univariate analysis demonstrated that 
pathologie node status, extremity site, clinical node status, 
and thickness of the primary lesion were the variables of 
greatest prognostic significance. Age, sex, and ulceration 
were not significant prognostic variables in this group (Table 
2). Patients with pathologic stage II disease, with negative 
nodes, had a survival rate of 71% at 5 years and 51% at 
10 years, whereas for patients with pathologic stage III dis- 
ease corresponding survival rates were 28% and 19% 
(P<.0001). Only 6% of patients with pathologic stage IV 
disease were alive at 5 and 10 years (Fig 1). Patients with 
TCM of the extremity had a better prognosis with a survival 
rate of 58% at 5 years and 48% at 10 years, compared with 33% 
and 20% for those with truncal lesions (P = .0004) (Fig 2). 

Breslow thickness was recorded in 101 patients, with a 
median thickness of 6.0 mm; 5 patients had primary lesions 
less than 4.0 mm thick invading into subcutaneous fat (Table 
3). In patients with primary melanomas less than 6 mm thick, 
5- and 10-year survival rates were 68% and 40%, respectively. 
Corresponding survival rates of 36% and 27% were seen in 
patients with melanomas 6 mm or thicker (P = .006) (Fig 3). 
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Table 1.—Clinical and Pathologic Staging 


Pathologic Stage 


n a 





Clinical 
Stage l V Total 















Table 2.— Prognostic Factors in Univariate Analysis of Thick 
Cutaneous Melanoma 


5-y 10-y 


Factor No. Survival Survival 





Ulceration 
Present 


Absent 


Thickness, mm 
=6 


<6 
Site 

Extremity 76 58 48 
Trunk 20 


Nodes 
Negative 62 71 5 


Positive 





.0004 








Positive nodes 
Macroscopic 47 17 13 
5 








Microscopic 


No. of positive nodes 
1 


Highest node 
Positive 


Negative 


Proportion Surviving 
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Fig 1.—Survival of patients with thick cutaneous melanoma of the 
trunk or extremity by pathologic stage. Line A represents patients with 
stage II disease (n = 60); B, patients with stage III disease (n = 53); and 
C, patients with stage IV disease (n= 16). 
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This difference in survival rates was seen in node-negative 
patients only, and was not apparent in node-positive patients. 

Truncal lesions were significantly thicker (median, 6.5 mm) 
compared with those of the extremity (median, 5.2 mm; 
P<.01). There was no difference in nodal status when strati- 
fied by site. Increasing thickness was also associated with a 
poorer prognosis for truncal lesions (P= .02), though not for 
lesions of the extremity. The Clark level of the primary lesion 
was recorded in 116 patients, of whom 10 were level II/III; 
53 were level IV; and 53 were level V. The characteristics of 
the primary lesions less than Clark level V where Clark level 
was recorded is shown in Table 3. There was a trend toward 
worsening prognosis with increasing Clark level but this was 
not statistically significant (P = .16). 

To further assess the relative importance of site, nodal 
status, and thickness, a multivariate analysis was performed 
using the Cox model of proportional hazards. Site and nodal 
status remained as independent predictors of outcome. The 
relative risk of death for patients with positive nodes was 4.8 
compared with patients with negative nodes; the relative risk 
of death for truncal primary tumors was 2.8 compared with 
patients with extremity primary tumors. Thickness was not 
an independent predictor of outcome, when measured either 
as a continuous variable or as a discrete variable, greater or 
less than the median thickness of 6.0 mm. Survival was ana- 
lyzed by combinations of the two independent prognostic 
variables of site and nodal status. The 5-year survival rate of 
patients with node-negative TCM of the extremity (n=35) 
was 82%, with 52% for node-negative truncal TCM (n=27), 
42% for node-positive TCM of extremity (n=41), and 8% for 
node-positive truncal TCM (n=26) (Fig 4). There was no 
significant difference in survival rates between patients with 


Proportion Surviving 





0 60 120 180 240 
Time, mo 
Fig 2.—Survival of patients with thick cutaneous melanoma (TCM) of 
the trunk or extremity by primary site. Solid line represents patients 
with TCM of the extremity (n = 76); dotted line, patients with TCM of the 
trunk (P = .0004). 


Table 3.—Characteristics of Patients With Thick Cutaneous 
Melanoma With Primary Lesions Less Than Clark Level V or 
Less Than 4.0 mm Thick 


Thickness, mm 


Clark Level Median 


Range 
1-11 4.4-7.5 5.0 
4.2-22.0 5.9 
2.4-3.5 3.0 


> mm 
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node-positive melanoma of the extremity and those with 
node-negative truncal lesions. 

In the 67 patients with histologically positive nodes, gross 
nodal appearance (P=.001), primary site (P=.002), and 
pathologic stage (P = .006) were the only important variables. 
The number of positive nodes, status of the highest node 
dissected, primary thickness, level, and ulceration were not 
significant variables in node-positive patients (Table 2). Of 
the 67 patients with positive nodes, 24 underwent ELND for 
clinically occult metastases. Of the remaining 43 patients, 
32 underwent TLND, 23 with clinically positive nodes within 
2 months of diagnosis (TLND at presentation), and 20 with 
clinically positive nodes at a median of 7.5 months (range, 2.1 
to 152 months) after diagnosis (delayed TLND). Eleven pa- 
tients with positive nodes were clinical stage IV and under- 
went PLND. 

Five-year and 10-year survival rates in the 24 patients with 
pathologic stage III disease with positive nodes undergoing 
ELND were 38% and 33%, respectively, compared with 29% 
and 17%, respectively, for the 43 patients undergoing TLND; 
this difference in survival rates is not statistically significant 
(P=.13) (Fig 5). Of the 23 patients with positive nodes under- 
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Fig 3. — Survival of patients with thick cutaneous melanoma (TCM) of 
the trunk or extremity by Breslow thickness. Solid line represents 
patients with TCM of less than 6 mm thick (n = 51); dotted line, those 
with TCM of 6 mm or thicker (n = 50) (P = .006). 
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Fig 4.—Survival of patients with thick cutaneous melanoma (TCM) of 
the trunk or extremity by primary site and pathologic nodal status. Line 
A represents patients with node-negative TCM of the extremity 
(n=35); B, those with node-positive TCM of the extremity (n= 41); 
C, those with node-negative truncal TCM (n= 27) and D, those with 
node-positive truncal TCM (n= 26). 
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going TLND at presentation, 5- and 10-year survival rates 
were 21% for both (P=.04 vs ELND with positive nodes at 
presentation). Survival of the 20 patients with positive nodes 
undergoing delayed TLND was 33% at 5 years and 13% at 
10 years, not statistically different from survival of either 
group with positive nodes at presentation. 

There was no survival advantage for the 16 patients who 
underwent simultaneous isolation limb perfusion when com- 
pared with patients with TCM of the extremity who had no 
perfusion. 


Recurrence 


The pattern of all recurrences was similar for both extrem- 
ity and truncal primary lesions, as shown in Fig 6. Patients 
with TCM of the extremity had proportionately more regional 
and fewer systemic first recurrences than patients with trun- 


cal primary lesions, but these differences were not signifi- 
cant. The majority of first recurrences in patients with trun- 
cal TCM were systemic, and nodal recurrence was not seen as 
a first site of failure in these patients. Ten patients (7.8%) 
recurred first locally, of whom six had undergone wide exci- 
sion and primary closure at the primary site. The median 
survival following initial local recurrence was 9 months, and 
all but one patient died of systemic disease within 24 months. 


COMMENT 


Of patients with melanoma who present with negative 
nodes, 4% to 13% will have TCM; of those who present with 
positive nodes, 21% to 58% will have TCM.’ The poor survival 
rates in both groups relative to patients with thinner melano- 
mas is attributed to the high incidence of occult systemic 
metastases at the time of presentation. Survival rate at 
5 years for all patients in this study was 47%, similar to that 
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Fig 5.—Survival of patients with thick cutaneous melanoma of the 
trunk or extremity by intent of lymphadenectomy, pathological stage II 
only. Solid line represents patients who underwent elective lymph 
node dissection (n = 24); dotted line, those who underwent therapeutic 
lymph node dissection (n= 31) (P=.13). 
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Fig 6. —Site of first recurrence after lymphadenectomy in patients with 


thick cutaneous melanoma of the trunk or extremity by primary site. 


Table 4.— Survival in Thick Cutaneous Melanoma* 


No. of 5-y Survival, 10-y Survival, 
Reference Patients Stage Thickness Level % Ao 


Balch et al" >4.0 
Kapelanski et al’? Node negative a 
Veronesi et al"? C- >4.0 
Balch et al'® Node negative >4.0 


Day et al'* >3.65 
Bear et al° 


Balch et al’ 


C-P- 
C-P+ 
C+P+ 
Present study All 


Schneebaum et al? 


Node negative 
Node positive 
C-P+ 
C+P+ 





*C— indicates clinically node negative; C—P-—, clinically negative and pathologically negative; C— P+, clinically negative and pathologically positive; and 
C +P +, clinically positive and pathologically positive. 
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reported by Bear et al° and by Schneebaum et al’ for clinically 
node-negative patients, and higher than that reported by 
Elias et al” and by Balch et al” in earlier studies and by 
Kapelanski et al” and Veronesi et al” (Table 4). 

Pathologically negative nodes were seen at presentation in 
48% of our patients, similar to the 35% to 67% reported in 
other series. Five-year survival rate of pathologically node- 
negative patients in this review was 71%, higher than previ- 
ously reported. This was influenced in part by the remarkably 
good prognosis of 24 patients with node-negative melanoma of 
the extremity whose 5-year survival rate was 82%. The favor- 
able prognosis of patients with nontruncal node-negative 
TCM has been noted previously,**”* although others have not 
found site to influence survival in these patients.” 

Survival at 5 and 10 years in our patients with TCM and 
positive nodes was 28% and 19%, respectively, comparable 
with other published reports. Poor prognostic factors in this 
group included truncal site and macroscopic positive nodes. 
The number of positive nodes was not predictive of outcome 
as it has been for node-positive patients with thinner melano- 
mas. The histologic status of the highest node dissected was 
also unimportant as a predictor of outcome, in part because of 
the small number of patients with the highest node positive. 

Although the 5-year survival rate of patients with clinically 
negative nodes who were found to have pathologically posi- 
tive nodes at ELND was 38%, compared with the 5-year 
survival rate of 28% in patients with clinically and pathologi- 
cally positive nodes undergoing TLND, the difference was 
not statistically significant. Thus, in our review as in others, it 
is difficult to support the role of ELND in patients with 
TCM.*” 

Interestingly, if survival was measured from the time of 
lymph node dissection to follow-up rather than diagnosis to 
follow-up, the survival difference favoring ELND in node- 
positive patients becomes significant. This is a reflection of 
the lead time bias of early lymph node dissection in node- 
positive patients rather than a statement about the effect of a 
given treatment on the natural history of the disease. Al- 
though survival in patients with pathologic stage IV disease 
was very poor, they were included in the final survival analy- 
sis for the following reasons. All but three had what could be 
considered clinical locoregional disease, thus potentially cur- 
able by surgical intervention. More importantly, when sur- 
vival results were analyzed, excluding patients with patho- 
logic stage IV disease, all of the survival relationships and 
prognostic indicators remained the same; inclusion of these 
patients did not skew the results. They were included so that 
the results would accurately reflect the overall spectrum of 
patients with TCM of the extremity and trunk seen at our 
institution. Their exclusion from the analysis would have 
artificially inflated the overall survival figures. 

Patients with truncal primary lesions had a worse progno- 
sis than those with extremity lesions of equivalent stage. This 
does not appear to be due to the more indeterminate lymphat- 
ic drainage of truncal lesions as their sites of relapse tend to be 
systemic rather than locoregional. In contrast to the majority 
of other series in which site, especially in node-positive TCM, 
has not been a predictive factor,*"”’*” our study demonstrated 
a significantly worse prognosis for truncal lesions when com- 
pared with extremity lesions, independent of nodal status. 

Another factor of significance in predicting outcome was 
tumor thickness, confirming the observations of others.” 
This was of prognostic significance in this review only for 
node-negative patients, using a cutoff of a median thickness of 
6.0mm. 

Despite the anticipated predominance of male truncal to 
female extremity primary lesions, there was no overall differ- 
ence in survival rates when stratified by sex. Balch et al,” 
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have found ulceration to be highly predictive, whereas our 
study showed no difference in survival. The discrepancy may 
be explained in part by a broader definition of ulceration that 
was present in 60% of node-negative patients in this series, 
compared with 42% in the series of Balch et al,” although in 
node-positive patients the incidence, 68%, was identical. 

The most striking observation of this review was the syner- 
gistic effect of pathologic nodal status and primary site on 
outcome. Although the majority of prior reports recognize 
site as an independent predictor of survival in patients with 
TCM,” the profound interaction of site and nodal status has 
not been previously emphasized. 

If adjuvant studies are designed to improve the survival of 
patients at intermediate risk of recurrence, patients with 
node-negative truncal TCM and node-positive TCM of the 
extremity would be appropriate to include. It would be diffi- 
cult to show a survival advantage at the extremes of survival, 
eg, patients with node-negative TCM of the extremity and 
node-positive truncal TCM, and perhaps these patients 
should be excluded from randomized adjuvant trials. 

In conclusion, although patients with TCM of the trunk or 
extremity are at risk for systemic disease, nearly half will 
present with locoregional disease at a stage where an aggres- 
sive surgical approach is justified. The nodal status and pri- 
mary site are the principal prognostic factors in patients with 
TCM, and age, sex, and ulceration do not appear to have a 
significant impact. 


This study was supported in part by a grant KO8 CA 01151-02 from the 
National Institutes of Health, Bethesda, Md. 
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è Over a 16-year period (1966 to 1981), 349 patients underwent 
radical retropubic prostatectomy for pathologic stage B adeno- 
carcinoma of the prostate. Nuclear DNA content was measured 
by flow cytometry on available archival material of 283 patients. 
Two hundred sixty-one patients (92%) had high-quality histo- 
grams. The ploidy distribution was as follows: DNA diploid, 177 
(68%); DNA tetraploid, 74 (28%); and DNA aneuploid, 10 (4%). The 
average follow-up was 9.4 years. At the time of follow-up, 53 
patients (20%) within the study group had developed tumor pro- 
gression: 22 local, 23 systemic, and 8 both. The ploidy distribu- 
tion of the population that developed tumor progression was 27 
DNA diploid (51%), 16 DNA tetraploid (30%), and 10 DNA aneu- 
ploid (19%). This ploidy distribution is significantly different 
from that found for the nonprogression group with stage B dis- 
ease. Overall, 31% of patients with DNA nondiploid tumors had 
tumors that progressed compared with 15% of patients with DNA 
diploid tumors. All (100%) DNA aneuploid tumors progressed. 
The DNA ploidy distribution of all pathologic stage B prostate 
cancers differs significantly from that found in more advanced 
stages (C and D1) previously reported for the same time interval. 
However, the ploidy distribution of stage B tumors that pro- 
gressed closely resembles that of the stage C and D1 tumors. 
These results further support the working hypothesis that nucle- 
ar DNA content has marked prognostic significance for patients 
with adenocarcinoma of the prostate. It seems to us that analysis 
of ploidy by flow or static cytometry will become an essential tool 
for treating patients with localized prostate cancer. 

(Arch Surg. 1990;125:327-331) 


I n 1989, prostate adenocarcinoma has become the most 
common noncutaneous malignant disease diagnosed in 
American men. The increasing incidence of prostate carcino- 
ma is due in part to the increasing longevity of the American 
male population and also to use of newer laboratory tests such 
as serum prostate specific antigen assay and transrectal ul- 
trasound imaging, which now permit earlier detection of pros- 
tate malignancy. The optimal treatment of men with localized 
prostate cancer remains highly controversial. Indeed, a re- 
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cently published series carried out in Sweden followed up men 
with clinically localized prostate carcinoma with no treatment 
at all. The majority of the 223 men in the study did well with no 
treatment (mean follow-up, 78 months). ’ 

Identification of laboratory tests that could discriminate 
localized prostate cancers that have a favorable prognosis 
from those prostate cancers that are more biologically aggres- 
sive, have a potential to progress in a biologically important 
time frame, and have the potential to cause the death of a 
patient is one of the highest priorities in clinical urologic 
oncology research. Flow cytometric nuclear DNA ploidy 
analysis at present appears to be one of the most promising 
techniques for stratifying the malignant potential of prostate 
adenocarcinoma. Several previous studies suggest that pa- 
tients with DNA diploid prostate carcinomas have a much 
lower probability of disease progression than those with DNA 
nondiploid tumors.** Our research group at the Mayo Clinic, 
Rochester, Minn, has intensively analyzed a group of patients 
with apparently regionally localized prostate cancer who 
were treated by radical prostatectomy during the period 1966 
to 1981. Relatively large-sized archival tissue samples were 
available for flow cytometric DNA ploidy analysis using the 
technique of Hedley et al.“ We have previously reported 
results from studying those patients with regionally localized 
disease with metastatic deposits in the pelvic lymph nodes 
(pathologic stage D1 tumors)’ and those patients who on 
pathologic examination had tumors that extended through 
the prostate capsule but had uninvolved pelvic lymph nodes 
(pathologic stage C).° The current report completes the de- 
scription of this cohort of patients by describing nuclear DNA 
ploidy results and the association between ploidy and other 
clinical variables for patients with prostate adenocarcinoma 
treated by radical retropubic prostatectomy who on patholog- 
ic examination had tumors confined within the prostate cap- 
sule, pathologic stage B. 


MATERIALS AND METHODS 


Over a 16-year period (1966 to 1981), 349 Mayo Clinic patients 
underwent radical retropubic prostatectomy and bilateral pelvic lym- 
phadenectomy for pathologic stage B adenocarcinoma of the pros- 
tate. Two hundred eighty-three patients in this group had sufficient 
properly fixed paraffin-embedded tissue available for laboratory 
analysis. Nuclear DNA content of tumor cells was measured by flow 
cytometric analysis of nuclei extracted and stained with propidium 
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Fig 1.—Nuclear DNA histogram patterns: left, DNA diploid; center, 
DNA tetraploid; and right, DNA aneuploid. 
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Fig 2.—Distribution of nuclear DNA ploidy patterns for 261 cases of 
pathologic stage B prostate adenocarcinoma. 
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Fig 3.—Distribution of nuclear DNA ploidy patterns according to local stage. 


iodide using techniques described by Hedley et al‘ and Vindelov et al.’ 
Detailed methods used in the current study are presented else- 
where.’ Nuclear DNA content was measured on a flow cytometer 
(FACS IV, Becton Dickinson, Sunnyvale, Calif) equipped with a 5-W 
argon laser at a wavelength of 514 nm. Standardization of the flow 
cytometer was accomplished using Fullbright Fluorospheres (Coul- 
ter Electronics Inc, Hialeah, Fla). Histograms were generated by 
analysis of greater than 20 000 nuclei per sample. “Cell cycle” analysis 
of the histograms was performed using a computer program designed 
by Dean and Jett." 

Criteria for classification of histograms had been previously estab- 
lished bya study of 60 specimens of human benign prostatic hyperpla- 
sia.“ The 60 specimens had a mean + SD percentage of nuclei in the 4C 
(G2) peak of 7.87% + 1.53%. Normal or DNA diploid histograms were 
classified as those with less than 13% (mean +3 SDs of the percent 
nuclei found in the 4C or G2 peak). Histograms with greater than or 
equal to 13% nuclei in the 4C peak were classified as DNA tetraploid. 
A DNA aneuploid designation was assigned to those tumors with a 
distinct third peak separate from the 2C or 4C peaks (Fig 1). 

Hematoxylin-eosin-stained histologic sections were reviewed by 
the study pathologist (G.M.F.). Uniform grading was carried out 
according to the Mayo Clinic’ and Gleason” grading systems. Patho- 
logic stage B tumor stage was based on information in the Mayo Clinic 
pathologic report and clinical record. This included a normal bone 
scan and chest roentgenogram, a serum acid phosphatase level 
within the normal range, and prostate cancer confined within the 
prostatic capsule as reported on the original pathologic report. For 
this study, stage B1 denotes a primary tumor less than 2 cm in 
greatest dimension and confined to one lobe of the gland. Stage B2is a 
tumor greater than 2 cm in greatest dimension and/or one involving 
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both lobes without evidence of capsular penetration. A complex 
multivariate statistical analysis of the generated data was performed 
using the proportional hazards regression and Cox regression mod- 
els. Tumor progression and survival data curves were generated 
utilizing the Kaplan-Meier method.” Certain statistical analyses in- g 
cluded the groups of patients for whom tissue was inappropriately 
fixed or unavailable for analysis and those whose histogram data were 
unclassifiable based on the low quality of the histogram. Comparisons 
of the various nuclear DNA ploidy subgroups with respect to patho- 
logic stage, Mayo Clinic grade, Gleason score, and local or systemic 
progression, as well as crude and disease-specific survival, were 
included in the multivariate analyses. These data also were statisti- 
cally compared by the x’ test. 
RESULTS 


Among the 349 patients undergoing radical retropubic 
prostatectomy for pathologic stage B prostate cancer during 
the study period, 283 patients had specimens analyzed for 
nuclear DNA content by flow cytometry. Sixty patients were 
excluded from study because either a very small focus or no 
residual tumor was found in the paraffin block specimen 
examined. An additional 6 patients were excluded from analy- 
sis due to prior treatment of the paraffin block specimen with 
either cupric sulfate or trinitrophenol, which made ploidy 
analysis technically impossible with the methods used. Of the 
specimens analyzed, 261 (92%) had high-quality interpretable 
DNA histograms. The ploidy distribution observed was 177 
(68%) DNA diploid, 74 (28%) DNA tetraploid, and 10 (4%) 
DNA aneuploid (Fig 2). 
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Fig 5.—Distribution of nuclear DNA ploidy patterns according to Gleason score. 


Ploidy and Stage 


There were 115 patients (44%) with tumors designated as 
stage B1 and 146 (56%) with tumors designated stage B2. The 
distribution of DNA ploidy for each stage is presented in Fig 
3. Approximately 75% of patients with stage B1 tumors had 
DNA diploid patterns. In contrast, 80% of patients with DNA 
aneuploid tumors were found within the group of patients 
with stage B2 disease. 


Ploidy and Tumor Grade 


Histologic low-grade tumors were found in 183 patients 
(70%). Among the low-grade tumors, 75% were DNA diploid. 
This compares with 50% DNA diploidy in Mayo Clinic high- 
grade tumors. The DNA ploidy distributions for both high- 
and low-grade tumors are presented in Fig 4. Seventy per- 
cent of DNA aneuploid tumors are found within the Mayo 
Clinic high-grade group. Analysis of tumor grade by Gleason” 
score identified 149 patients (57%) within a high Gleason score 
(6 to 10) group. All DNA aneuploid tumors were found within 
the high Gleason score group. The distribution of nuclear 
DNA ploidy patterns according to low and high Gleason 
scores is shown in Fig 5. 


Ploidy and Tumor Progression 


At the time of most recent follow-up, 53 patients (20% of 
those within the study group) had developed a local or system- 
ic recurrence. Eight patients developed both. For the group 
of patients with recurrent disease, 27 tumors (51%) were 
DNA diploid, 16 tumors (80%) were DNA tetraploid, and 10 
tumors (19%) were DNA aneuploid. Overall, only 15% of 
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Fig 6.—Postoperative probability of nonprogression of pathologic 
stage B prostatic carcinoma according to DNA ploidy pattern. 


patients with DNA diploid tumors developed tumor progres- 
sion. Tumor progression occurred for 22% of DNA tetraploid 
tumors and 100% for DNA aneuploid tumors. Progression 
rates for DNA diploid and DNA tetraploid tumors are not 
significantly different. The progression rate for DNA aneu- 
ploid tumors was significantly higher (P<.0001, log rank). 
Nonprogression curves are presented in Fig 6. No significant 
difference in progression was noted for patients with tumors 
with inadequate tissue blocks or low-quality histograms 
(P=.09, log rank). 
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Fig 7.—Probability of survival after radical prostatectomy for patients with pathologic stage B prostatic carcinoma: left, 


crude survival; right, cause-specific survival. 


Ploidy and Survival 


Kaplan-Meier survival curves were generated for both 
cause-specific survival and crude survival (Fig 7). Crude 
survival curves failed to demonstrate any statistically signifi- 
cant difference between the DNA ploidy subgroups (P =.69, 
log rank). By contrast, analysis of cause-specific survival 
curves demonstrated the significance of DNA aneuploidy as a 
bad prognostic indicator (P=.0001). Moreover, all patients 
with DNA aneuploid tumors who died, died of prostate 
cancer. 


Multivariate Analysis 


Because of the association of ploidy with stage and grade, it 
is necessary to examine the strength of the association of 
ploidy with progression and survival after adjustment for 
stage and grade in particular, and for other patient variables. 
A proportional hazards model was fit using diploidy vs not, 
aneupleudy vs not, grade 1 to 2 vs grade 8 to 4, Gleason score 
of 2 to 5 vs 6 to 10, and stage for each of progression, overall 
survival, and cause-specific survival. No variable or combina- 
tion of variables was found to be significant for predicting 
overall mortality. However, for both progression and cause- 
specific survival, DNA aneuploidy was found to be the most 
significant predictor, with no significant difference between 
diploid and tetraploid patterns seen. Significance is retained 
after adjustment for any one of the other variables. After 
adjustment of the other variables for aneuploidy, however, 
only a high Gleason score (6 to 10) adds significant further 
prediction. 


COMMENT 


This report completes presentation of nuclear DNA ploidy 
analysis for the group of patients with clinically localized 
adenocarcinoma of the prostate treated at the Mayo Clinic 
between 1966 and 1981 by radical retropubic prostatectomy 
and bilateral pelvic lymphadenectomy. This cohort of patients 
and tumors numbers nearly 500 with pathologic stages B, C, 
and D1 tumors. These coordinated studies demonstrate that, 
using the technique of Hedley et alf and propidium iodine 
staining, nuclear DNA ploidy information can be obtained 
from archival formalin-fixed paraffin-embedded tissue of 
prostate carcinoma in a very high percentage of tumors 
studied. 

Patients with pathologic stage B tumors overall have a 
different distribution of ploidy patterns from those patients 
with pathologic stages C and D1 disease. Sixty-eight percent 
of patients with pathologic stage B tumors are DNA diploid. 
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In contrast, for patients with pathologie stages C and D1 
disease, only 42% to 45% are DNA diploid. For all stages of 
prostate carcinoma studied, patients with DNA diploid tu- 
mors have the most favorable prognosis. The high percentage 
of patients with DNA diploid tumors (75% in patients with 
stage B1 tumors) to a certain extent can “account for” the 
favorable prognosis historically associated with patients hav- 
ing pathologic stage B disease treated by radical retropubic 
prostatectomy and also found in this study. 

Patients with tumors with DNA aneuploidy characterized 
by the unequivocal presence of a third stem cell line with 
neither 2C nor 4C ploidy were found to have the worst prog- 
nosis among all patients with pathologic stages C and D1 
prostate cancer.”® A similar result was found in this study. 
For pathologic stage B tumors, only 4% were DNA aneuploid, 
but all of these patients subsequently developed tumor pro- 
gression and many of these patients died of prostate cancer 
during the period of observation. All of the tumors with DNA 
aneuploidy were high Gleason score (6 to 10) tumors. There- 
fore, a search for patients with pathologic stage B tumor who 
have an unfavorable prognosis in the future may be most 
efficiently confined to those with high-Gleason score tumors. 
Patients with DNA aneuploid tumors appear to have very 
early metastatic dissemination of their tumors. In this series, 
only patients with tumors confined within the prostate cap- 
sule and who had no evidence of metastatic deposits in the 
pelvic lymph nodes were included. Nevertheless, all of these 
patients with DNA aneuploid tumors subsequently devel- 
oped prostate cancer progression. Such data suggest that 
those patients with DNA aneuploid pathologic stage B pros- 
tate cancer cannot be adequately treated by radical retropu- 
bic prostatectomy alone. Some form of active systemic adju- 
vant treatment seems necessary to improve prognosis for this 
group of patients. 

In the previous Mayo Clinic studies of patients with patho- 
logic stage C and D1 prostate carcinoma, those patients with 
DNA tetraploid tumors had an intermediately poor prognosis 
compared with patients with either DNA diploid or DNA 
aneuploid tumors.”* In the current study of patients with 
pathologic stage B prostate tumors, the unfavorable prognos- 
tic association of DNA tetraploidy was not found. While there 
was some small increased probability of tumor progression 
for patients with DNA tetraploid compared with the DNA 
diploid tumors, this difference in prognosis did not achieve the 
level of statistical significance. Thus, DNA tetraploidy, found 
in 28% of patients with stage B prostate carcinoma, does not 
appear to be an unfavorable prognostic factor in this cohort. 


Stage B Prostate Adenocarcinoma — Montgomery et al 


For all stages of surgically treated prostate cancer studied 
at the Mayo Clinic, nuclear DNA ploidy pattern is a highly 
significant and independent prognostic variable for progres- 
sion. This result was found herein for the group of patients 
with pathologic stage B prostate cancer even though the vast 
majority of these patients were well treated by their surgery. 
In the multivariate statistical analysis, DNA aneuploidy was 
a highly significant independent variable that could not be 
replaced by any other common pathologic variable. Never- 
theless, for patients with pathologic stages B and C prostate 
cancer, tumor histologic grading by Gleason score (or for the 
patients with stage C disease also by Mayo Clinic nuclear 
histologic grading*) was also an independent prognostic vari- 
able. Based on results obtained so far, we suggest that within 
a given pathologic stage, histologic studies assessed by both 
nuclear grading or Gleason score and the nuclear DNA ploidy 
pattern will be necessary to most accurately stratify patients 
for probability of tumor progression. Indeed, to members of 
our research group, it appears that for many patients nuclear 
DNA ploidy pattern and histologic grade/Gleason score are 
more important than tumor pathologic stage in forecasting 
tumor progression over clinically important time intervals. 

Finally, for patients with prostate carcinoma clinically lo- 
calized to the pelvic region, nuclear DNA ploidy analysis 
provides highly significant, important, and independent 
prognostic information that cannot be determined by routine 
histologic or other clinical variables. We believe this new test, 
which is objective, should be profitably used to stratify pa- 
tients in future clinical research studies. The test can be 
routinely performed now and is relatively simple and econom- 
ical. It is no longer a research laboratory curiosity. In our 
opinion, assessment of prognosis and analysis of clinical series 
of localized prostate carcinoma without taking into account 
the nuclear DNA ploidy patterns of patients with prostate 
adenocarcinoma would be neglecting objective information of 
important biological significance. 


We thank Mary Adams for her technical assistance. 
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invited Commentary 


This is an important article that presents a more sophisticat- 
ed method of determining what subset of patients with appar- 
ent early-stage prostate cancer are at risk for developing 
metastatic disease following radical prostatectomy. Enhanced 
patient and physician awareness of prostate cancer, improved 
diagnostic techniques including prostatic ultrasound, and the 
increasing prevalence in an aging society will significantly 
increase the number of patients in whom the disease can be 
detected at an early, potentially curable stage. Traditionally, 
pathologic stage with histologic grading has provided rough 
determinants of prognosis. In this article, the authors have 
provided us with more discriminatory technology that may 
allow the distinction of patients suitable for clinical trials of 
adjuvant therapy designed to improve survival from patients 
destined to live out their lives without fear of developing 
metastatic prostate cancer. As indicated by the authors, how- 
ever, application of this test is currently best limited to those 
patients with apparently confined prostate cancer but high 
Gleason score on histologic study. 


DONALD G. SKINNER, MD 
Los Angeles, Calif 
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This study uses a large malpractice database from Florida to assess the concentration of losses among 
physicians, predictability of claims experience, characteristics of physicians with favorable vs unfavorable 
experience, and effects of claims experience on physicians’ practice decisions and on actions taken by the 
state’s licensing board. Most payments by insurers involved a comparatively small number of physicians. 
Physicians with relatively prestigious credentials had no better, and on some indicators, worse claims 
experience. If anything, physicians with adverse claims experience were less likely to make subsequent 
changes in their practice, such as quitting practice or moving to another state. Physicians with very poor 
claims histories were more likely to have complaints filed against them with the Florida licensing board, but 
the sanctions against physicians with either poor or excellent histories were not severe. Physicians with 
adverse claims experience from incidents that arose between 1975 and 1980 had appreciably worse claims 
experience from incidents that arose during 1981 to 1983 (JAMA. 1989;262:3291-3297). 

Reprint requests to Health Policy Center, Vanderbilt University, Box 1503-Station B, Nashville, TN 37235 (Dr Sloan). 
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MEZLIN® is indicated for the treatment of serious infections caused by susceptible strains of the designated 
microorganisms in the conditions listed below: 


LOWER RESPIRATORY TRACT INFECTIONS including pneumonia and lung abscess caused by Haemophilus 
influenzae, Klebsiella species including K. pneumoniae, Proteus mirabilis, Pseudomonas species including 
P. aeruginosa, E. coli, and Bacteroides species including B. fragilis. 
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« Ablation of Abnormal Energy Expenditure 


by Curative Tumor Resection 


James D. Luketich, MD; James L. Mullen, MD; Irene D. Feurer, MSEd; Jonathan Sternlieb, MD; Robert C. Fried, MD 


èe Resting energy expenditure is abnormal in most patients 
with cancer and may contribute to cancer cachexia. These meta- 
bolic abnormalities may be a direct measure of tumor metabo- 
lism, or represent alterations in the size or activity of the body cell 
mass, or both. To unravel this pathogenesis, we prospectively 
studied 68 preoperative patients with cancer about to undergo 
curative resection by measuring resting energy expenditure be- 
fore and after tumor resection. The preoperative measured rest- 
ing energy expenditure was compared with expected resting 
energy expenditure based on Harris-Benedict resting energy 
expenditure predictions: 10 patients were hypometabolic (<90% 
Harris-Benedict); 35 were normometabolic (90% to 110% Harris- 
Benedict); and 23 were hypermetabolic (>110% Harris-Bene- 
dict). Using each patient as his or her own control, resting energy 
expenditure normalized or remained normal following curative 
resection. In contrast, after palliative resection, resting energy 
expenditure remained hypermetabolic or significantly increased 
toward hypermetabolism. Tumor induces an abnormal metabolic 
rate, since tumor removal results in prompt normalization of 
resting energy expenditure. The abnormal energy expenditure of 
patients with cancer cannot be solely attributed to abnormal host 
body composition. 

(Arch Surg. 1990;125:337-341) 


pp ieificant proportion of patients with cancer develop a 
complex syndrome of progressive weight loss and wast- 
ing called cancer cachexia.’ Warren’ in 1932 noted that cancer 
cachexia accounted for more than 22% of all cancer deaths. 
This observation has been repeatedly confirmed and expand- 
ed; up to two thirds of patients with cancer die solely of the 
consequences of progressive weakness and wasting of host 
tissues.’ There is no uniform agreement that “cachexia” is a 
phenomenon unique to patients with cancer and some regard 
this as an expected consequence of any chronic malnourish- 
ing, occasionally hypermetabolic illness. Nevertheless, there 
are specific abnormalities in host metabolism associated with 
tumors.** Alterations in glucose, lipid, and protein metabo- 
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lism, increases in resting energy expenditure (REE), ineffi- 
cient use of energy, and simple anorexia are all contributors to 
the cachectic state observed in some patients with cancer. 

A number of reports have identified subsets of patients 
with cancer who have increased rates of REE but a causal 
relationship with cancer cachexia has not yet been demon- 
strated.”’’ When normalizing REE to a unit of body cell mass, 
Peacock et al’ reported even more dramatic increases in 
energy expenditure in patients with cancer. On the other 
hand, Hansell et al have also reported energy expenditure 
as a function of estimates of lean body mass and found no 
significant elevations in patients with cancer. Most of these 
studies of body composition analysis rely on assumptions that 
water distribution is normal in patients with cancer which is 
probably not valid.” 

We measured REE before and after tumor resection in a 
group of patients with cancer to determine if tumor removal 
resulted in a significant change in measured energy expendi- 
ture. If abnormalities in preoperative REE are secondary to 
tumor presence, then curative resection should result in 
prompt normalization, whereas palliative operation should 
have no such normalizing effect on REE. On the contrary, if 
the abnormal energy expenditure observed in these patients 
is “appropriate” for their abnormal body composition, no 
immediate major change should be observed in REE with 
curative resection since host body composition would remain 
abnormal. 


PATIENTS AND METHODS 
Patient Selection 


Patients admitted to the Hospital of the University of Pennsylva- 
nia, Philadelphia, for curative resection of a malignant tumor were 
eligible to enter the study. Informed consent was obtained in accor- 
dance with the Institutional Review Board Policy. Exclusion criteria 
were: (1) temperature more than 37.7°C; (2) white blood cell count 
more than 15 x 10°/L or positive urine, blood, or sputum cultures; (3) 
hyperthyroidism or hypothyroidism; (4) new infiltrate on chest roent- 
genogram; (5) surgery within the previous 7 days; (6) chemotherapy 
or radiation therapy during the preceding month, or plans for intrao- 
perative or immediate postoperative treatment; (7) benign histologic 
findings; and (8) postoperative nutrient intake different from preop- 
erative nutrient intake. 
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Resting energy expenditure was measured preoperatively in all 
study participants. Patients had nothing by mouth for at least 2 hours 
and were recumbent for 30 minutes prior to measurement.’ A porta- 
ble indirect calorimeter (MMC Horizon, SensorMedics, Anaheim, 
Calif) was used to measure oxygen consumption (0,) and carbon 
dioxide production (CO,) in liters per minute. The modified Weir 
formula was used to calculate REE: 

REE = 1440 [(3.9 x Vo,)+(1.1 x Vco,)] 
Respiratory quotient (RQ) was calculated as: 
RQ= Vco,/Vo, 
where VO, is oxygen consumed in liters/minute, and VCO, is carbon 
dioxide produced in liters/minute 

Resting energy expenditure measurements were repeated under 
identical conditions after the fifth postoperative day. 

Measured REE is expressed as kilojoules per day and as a percent 
of predicted values based on the Harris-Benedict equations to nor- 
malize for sex, age, height, and weight.” An REE between 90% and 
110% of predicted values is normometabolic; less than 90% of predict- 
ed values is hypometabolic; and greater than 110% of predicted values 
is hypermetabolic. Energy expenditure was also normalized to meta- 
bolic body size (kg"”) based on Kleiber’s formula” and to kilogram of 
current body weight. 


Laboratory Data 


Results of clinically indicated laboratory studies, including electro- 
lyte, serum urea nitrogen, creatinine, magnesium, calcium, phospho- 
rous, albumin, total iron-binding capacity, iron, amylase, triglycer- 
ide, and prothrombin time determinations, liver function studies, and 
a complete blood count, were monitored preoperatively and postop- 
eratively. Preoperative values were determined during the week 
preceding surgery and a postoperative value was reported if deter- 
mined within 24 hours of the postoperative REE measurement. 
Preoperative and postoperative values were compared by paired t 
test. 


Nutrient Intake 


The REE measurement was performed at least 2 hours after the 
last meal. In approximately 10% of cases, patients were receiving 
parenteral nutrition and the REE was measured concurrently. Pa- 
tients were eligible for entry into the study if the intake route was 
identical preoperatively and postoperatively. For example, patients 
on an oral regimen at the preoperative REE measurement must have 
been taking nutrients by mouth at the time of the postoperative 
measurement. Likewise, patients on a parenteral nutrition regimen 
at the preoperative measurement must have remained on a parenter- 
al nutrition regimen at the time of the postoperative REE mea- 
surement. 

Nutrient intake in kilojoules was recorded at the time of the 
preoperative and postoperative REE measurement. Patients were 
excluded if the energy intake per 24 hours on the day of the preoper- 
ative REE measurement differed by greater than 2100 kJ from the 
postoperative day of measurement. 


Type of Surgery 


Patients were divided into curative or palliative resection groups 
based on the intraoperative findings, the extent of surgery, and the 
results of permanent pathologic sections. Patients sustaining any of 
the complications listed under patient selection criteria were exclud- 
ed from the study. The criteria for inclusion in the curative resection 
group were no gross evidence of postoperative tumor; minimal or no 
nodal involvement in operative specimen; and margins of resection 
free of disease. Criteria for the palliative group included documented 
metastatic disease, extensive lymph node involvement, or positive 
margins of resection. 


RESULTS 


Sixty-eight patients with solid tumors had REE measured 
before and after tumor resection. Malignant histologic find- 
ings of operative specimens included the following tumor 
types: 48 (71%) gastrointestinal; 8 (12%) gynecological; 6 (9%) 
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lung; and 6 (8%) miscellaneous (Fig 1). The study population 
had an average recent weight loss of 5%. The mean serum 
albumin level was 37.7 g/L: 12% of patients had a serum 
albumin level less than 35 g/L and in only 6% of patients was it 
less than 30 g/L. Patient characteristics, anthropometrics, 
and stages of disease are summarized below. 


Characteristic (mean + SD) 
Age, y 60+ 13.4 
Sex, M/F 36/32 
Current body weight, kg 71.8+15.8 
Usual body weight, % 94,.9+10 
Ideal body weight, % 111.3+17 
Albumin, g/L 37.7+6.2 


The postsurgical pathologic stage included 21 (31%) patients 
with stage I, 11 (16%) with stage II, 19 (28%) with stage III, 
and 17 (25%) with stage IV disease. Metastasis to the liver 
was documented intraoperatively in 11 (16%) patients. 

The frequency distribution (Fig 2) of measured baseline 
preoperative REE shows 10 (15%) hypometabolic, 35 (51%) 
normometabolic, and 23 (34%) hypermetabolic patients. 
Analysis of variance (ANOVA) demonstrated a significant 
difference in the percent of predicted energy expenditure 
between the groups (P<.001) (Table 1). These differences in 
metabolic rate were also present with REE expressed as an 
absolute value in kilojoules per day (P<.01), and after nor- 


Upper Gastrointestinal 
Ei (n=11) 


; Sea A Ml Pancreaticobiliary (n = 9) 
Z os ___| Colorectal (n = 28) 
EE Lung (n=6) 
PX Gynecological (n = 8) 
Miscellaneous (n= 6) 


Fig 1.—Tumor site in 68 patients with cancer verified by tissue diagno- 
sis at the time of surgery. 
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Fig 2.—Preoperative resting energy expenditure (REE) as percent of 
Harris-Benedict predictions. 
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malization to metabolic Hody size (P<.001) or per kilogram of 
body weight (P<.001). 

Age, sex, weight, albumin level, routine laboratory tests, 
tumor type, site, stage, or degree of differentiation did not 
show any significant differences between the hypometabolic, 
normometabolic, or hypermetabolic groups (Tables 2 and 3). 
Equal distribution of patients with liver metastases was also 
observed across the three metabolic groups (P = .63). 

Thirty-nine patients had curative resections and 29 had 
palliative resections. Hypermetabolic patients undergoing 
curative resection (Fig 3) had a significant reduction in REE 
(mean, —9%), resulting in normalization by postoperative 
day 5 compared with those in the hypermetabolic group re- 
ceiving palliative resection (Fig 4) who remained hypermeta- 
bolic (P<.03). Curative resection in the normometabolic 
group did not alter the normal REE. In patients with a normal 
preoperative REE who had palliative resections and signifi- 
cant residual disease, the metabolic rate increased signifi- 
cantly by postoperative day 5 (P=.02). Hypometabolic pa- 
tients increased their REE to normal by postoperative day 5 
if curative resection was possible, whereas those with residu- 
al disease after palliative resection had a dramatic postopera- 
tive increase to hypermetabolism. The magnitude of the 
change from preoperative to postoperative REE was differ- 
ent between the three metabolic groups when curative resec- 
tion was possible (ANOVA, P<.001). The Scheffé multiple 
comparison test identified the hypometabolic group as having 
the greatest change compared with the normometabolic and 
hypermetabolic groups after curative resection (P<.05). 

Patients undergoing curative resection who had an abnor- 
mal preoperative REE showed a statistically significant nor- 
malization in the postoperative period (Fig 3). The preoper- 
ative normometabolic group remained unchanged after 
curative resection. With palliative resections, all metabolic 
groups remained or became hypermetabolic postoperatively 
(Fig 4); hypermetabolic patients remained so, and the preop- 
erative normometabolic and hypometabolic groups had statis- 
tically significant postoperative increases to hypermetabo- 
lism. 

The preoperative metabolic group classification was not 
predictive of the intraoperative findings or type of surgery 
possible. Those patients with abnormal preoperative meta- 
bolic rates were just as likely to undergo curative resection as 
those normometabolic at baseline (58% vs 68%, x? analysis, 
P=.97). 

Two-way ANOVA was used to determine the effects of 
tumor resection and preoperative metabolic status on percent 
change from preoperative to postoperative REE. Both types 
of resection (ie, curative or palliative) and baseline metabolic 
rate status (ie, hypometabolic, normometabolic, or hyperme- 
tabolic) were shown to significantly influence the change seen 
in preoperative to postoperative REE (P<.001), but no sig- 
nificant interaction was demonstrated. 


COMMENT 


An increased awareness of the lethal consequences of can- 
cer cachexia has stimulated interest in the metabolic aberra- 
tions in patients with cancer.** Earlier studies demonstrated 
increased rates of REE in patients with malignant disease. 
This led to the logical assumption that increased energy ex- 
penditure might represent inefficient utilization of substrate 
as well as the need for increased nutrient intake contributing 
to wasting and eventual cachexia. * With the widespread 
availability of more sophisticated bedside indirect calorime- 
try, it is now recognized that cancer-bearing hosts are not 
uniformly hypermetabolic."”*” In fact, even patients with 
advanced metastatic cancer may have normal rates of 
RER 1% 
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Table 1.—Preoperative Resting Energy Expenditure (REE)* 


Metabolic Group 


——————— Sh 


Hypo- Normo- Hyper- 
metabolic metabolic metabolic Pt 


82.6+ 7.49» 102+5.6* 119.6+11» <.01 
5544+1045.8° 6354.6+1209.6 6925.8+1205.4° <.01 
kJ/kg/d 68.8 +7.9*? 89.0+9.2" 104.1+13.4  <.01 
kJ/kg?75/d = 204.5+14.28 258.3+25.2" 296.9+33.1% <.01 


*Data are mean + SD. 
tScheffé multiple comparison procedure, P<.05; a vs a; b vs b. 


Table 2.—Characteristics by Preoperative Metabolic Group* 


% predicted 













Hypo- Normo- Hyper- 

Variable metabolic metabolic metabolic Pt 
Patients, n 10 35 23 
Age, y 58.9+ 11 59.1+14 63+13 .80 
Sex, M/F 4/6 20/15 12/11 NS 
Usual weight, kg 89+ 23 74.6+14 71+10.3 .02 
Ideal weight, kg 64.1+12 65.5+13 64.6211 94 
Current weight, kg 82.4 + 20° 71.6+14.2 67.2+ 14» .04 
Usual weight, % 97.7+6.0 94.9+7 93.9+10 56 
Ideal weight, % 127 +12% TELET. 105 + 16° 01 




















Albumin, g/L 39.8+4.8 38.2+6.1 36.3+6.8 53 


*Parametric data analysis was done by analysis of variance, nonparametric 
by x? analysis. 
t Scheffé multiple comparison test, P<.05; a vs a; b vs b. 


Table 3.— Tumor Characteristics by Metabolic Group* 


Hypo- Normo- Hyper- 
metabolic metabolic metabolic x? 





TNM Stage 








2 (20) 





10 (29) 





5 (22) 
Liver 


metastasis 1 (10) 7 (20) 3 (13) 





*Values are number (percent) of patients. 


Much of the current literature regarding REE abnormali- 
ties in patients with cancer is based on comparisons of mea- 
sured with predicted values. The predicted value is generally 
obtained using standardized formulas (eg, Harris-Benedict) 
based on the normal body composition of healthy populations. 
This requires an assumption that the proportion of metaboli- 
cally active tissue (ie, body cell mass) consuming energy does 
not change in disease states, which is probably inaccurate.” 
One approach to this problem is to indirectly measure body 
composition and report energy expenditure as a function of 
the estimated amount of active metabolic tissue present. 
However, the results of this approach have likewise not met 
with uniform findings in patients with cancer, which is not 
surprising, since these measurements also require certain 
assumptions of normal body composition (eg, normal water 
distribution across body compartments). 

A number of investigators, including Peacock et al,’ Macfie 
et al,” Arbeit et al,” and Dempsey et al” found significant 
elevations in REE in patients with cancer normalized to 
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Fig 3.—Resting energy expenditure (REE) normalization in response 
to curative resection in 39 patients with cancer. Data are mean + SEM; 
comparison is by paired t test between preoperative and postoperative 
REE. Shaded area represents normal range; squares, hypermetabo- 
lic patients (P<.04); diamonds, normometabolic patients (P = .34); 
and triangles, hypometabolic (P<.002) patients. 


REE (% Predicted) 


Postoperative 


Preoperative 


Fig 4.—In 29 patients with cancer after palliative resection with signifi- 
cant residual postoperative tumor the resting energy expenditure 
(REE) remains abnormal. Shaded area represents normal range; 
squares, hypermetabolic patients (P<.31); diamonds, normometabo- 
lic patients (P<.03); and triangles, hypometabolic (P = .11) patients. 


estimated body cell mass using measures of total body potas- 
sium by tracer methods, K” isotopic analysis, or other esti- 
mates of body composition. In contrast, Hansell et al" report- 
ed energy expenditure as a function of lean body mass and 
found no significant elevation in REE in 84 patients with 
colon, gastric, or lung cancer or in another heterogeneous 
group of patients with cancer.” In these studies, body compo- 
sition analysis was performed by measuring total body water 
and indirectly estimating lean body mass requiring the as- 
sumption that this compartment has a normal water content. 
Most current methods of body composition analysis are based 
on this two-comp ent model, comprising fat and fat-free 
mass. This approach requires accurate measurement of total 
body water and assumes that lean body mass is composed of 
73% water. This assumption of a normal body water propor- 
tion is probably inaccurate in malnourished or diseased pa- 
tients.” In a recent report, it was demonstrated that in some 
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patients with cancer there is a significantly higher level of 
total muscle water and extracellular water compared with 
controls.” 

The goal of our study was to elucidate whether tumor 
removal resulted in normalization in energy expenditure in 
patients with cancer who had abnormal preoperative meta- 
bolic rates for their body size. Using patients as their own 
controls, we have demonstrated normalization of measured 
REE in patients undergoing curative resection who preoper- 
atively had an abnormal metabolic rate (Fig 3). In this cura- 
tive resection group, hypermetabolic patients had a lowering 
of REE, hypometabolic patients increased to normal, and the 
normometabolic group showed no change. In contrast, if tu- 
mor removal was incomplete, the REE remained elevated or 
became elevated postoperatively in all three metabolic 
groups (Fig 4). These findings provide strong evidence that 
tumor induces abnormalities in energy expenditure. The 
mechanism may be a direct or indirect influence of tumor on 
host metabolism, or could reflect tumor tissue metabolism, or 
a combination of these effects, which are rapidly ablated with 
complete tumor removal. If the observed abnormalities in 
preoperative REE were secondary solely to host body compo- 
sition aberrations, then tumor removal would not have pro- 
duced such a prompt, dramatic, and direction-specific normal- 
ization in metabolic rates, since the abnormal body 
composition could not have normalized so rapidly. Likewise, 
if the changes observed were due to effects of surgery, one 
would expect a consistent unidirectional change, not a group- 
specific change resulting in normalization of rates only when 
complete tumor removal occurred. In addition, the effects of 
uncomplicated surgery on metabolic rate are minimal (<10%) 
and persist less than 24 to 48 hours. 

Two previous reports of the effects of tumor reduction on 
REE are consistent with our findings. Arbeit et al’ showed a 
significant drop in the REE of four patients after tumor 
resection. In another study by Russell et al,” a complete 
response of tumor to chemotherapy resulted in normalization 
of REE in patients with small-cell lung carcinoma, whereas 
nonresponders remained hypermetabolic. 

An unanticipated finding was the postoperative increase in 
REE in the groups with residual disease who were preoper- 
atively normometabolic or hypometabolic (Fig 4). The mecha- 
nism by which partial tumor resection/manipulation would 
result in a change to hypermetabolism above and beyond the 
effects of operation is speculative. A plausible explanation is 
that enhanced tumor recognition by the host occurs second- 
ary to a showering of tumor antigen into the circulation at the 
time of surgery. This could stimulate the immune system with 
an accompanying release of cytokines, some of which have 
been shown to induce hypermetabolism.” 

Previous reports have suggested that tumor site may be an 
important variable influencing the aberrations in metabolic 
rate in patients with cancer. Dempsey et al” reported that 
40% of patients with gastric carcinoma were hypermetabolic 
compared with only 20% of patients with colorectal cancer. He 
also noted that metabolic rates in patients with hepatobiliary 
and esophageal cancers were more likely to be hypometabo- 
lic. In another study, patients with lung cancer were reported 
to have high metabolic rates.” Stage of disease or presence of 
liver metastases has not been reported to correlate consis- 
tently with the metabolic rate. Patients with stage IV disease 
are just as likely to be hypermetabolic as those with stage I 
disease.’” These previous findings and our current study 
emphasize that although primary tumor site may be impor- 
tant, accurate prediction of REE in patients with cancer, 
based on tumor site or stage of disease, is not possible with 
current formulas, and that the tumor-host interaction is com- 
plex in its effects on REE. 
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The clinical significance of energy expenditure abnormali- 
ties associated with tumor presence may be substantial. With 
anorexia and inadequate nutrient intake well documented in 
patients with cancer, it is reasonable to assume that increased 
energy requirements will add to a negative impact. Our group 
of patients had a 5% average weight loss that did not correlate 
with their respective metabolic group. It has not yet been 
longitudinally demonstrated that patients with a hypermeta- 
bolic REE are more likely to develop cancer cachexia com- 
pared with normometabolic or hypometabolic patients. In a 
previous report from this institution, hypermetabolic pa- 


tients with cancer with a duration of disease in excess of 30 
months did not have increased weight loss compared with 
normometabolic patients with cancer.’ Further studies with 
longer follow-up and serial REE measurements will be need- 
ed to determine the clinical importance of cancer-induced 
changes in energy expenditure. 
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Induction of the Expression of 


Differentiation-Related Antigens on 


Human Colon Carcinoma Cells by 


Stimulating Protein Kinase C 
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è This study was undertaken to determine whether the phor- 
bol diester, phorbol 12-myristate 13-acetate (PMA), causes differ- 
entiation of the human colon carcinoma cell line, SW 48. Under 
routine growth conditions, the cells are round, have a high nucle- 
ar-to-cytoplasmic ratio, and lack cytoplasmic vacuoles. After 
treatment for 1 hour with 100 nmol/L of PMA at 37°C, the cells 
assumed a spread-out, flasklike shape, displayed a low nuclear- 
to-cytoplasmic ratio, and exhibited cytoplasmic vacuoles. An 
inert but lipophilic phorbol diester, 4 phorbol 12,13-didecanoate, 
failed to induce these morphological changes. Cell kinetic stud- 
ies showed that whereas SW 46 cells have a doubling time of 35 
hours, those incubated with 100 nmol/L of PMA have a doubling 
time of 90 hours. Although the flow cytometry histograms were 
similar until 8 hours into the cell cycle, the PMA-treated cells 
ultimately spent proportionately less time in S and more in G2/M. 
Finally, under routine growth conditions, SW 48 cells express 
neither carcinoembryonic antigen nor G7 antigen. These anti- 
gens, which are present on the surface of well-differentiated 
cells, were expressed after treatment of SW 48 with PMA. The 
data suggest that PMA causes profound changes in structure, 
cell growth kinetics, and antigen expression, consistent with 
induction of differentiation of the cell line SW 48. 

(Arch Surg. 1990;125:344-350) 


t has been proposed that neoplastic growth is due to a 

defect in cell proliferation that prevents cells from under- 
going terminal differentiation, thereby permitting rapid tu- 
mor growth.” The focusing on methods to overcome this 
defect, enabling cells to differentiate, should provide a better 
understanding of tumor cell biology. In addition, an increas- 
ing number of reports have appeared over the past few years 


suggesting it may be possible to induce tumor cell differentia- 
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tion in vivo.” This could be used as a therapeutic modality 
that may solve some of the shortcomings of current 
chemotherapy. 

In vitro studies have shown that phorbol diesters are po- 
tent inducers of differentiation in a number of models. Addi- 
tion of nanomolar phorbol 12-myristate 13-acetate (PMA) to 
the human promyelocytic leukemia cell line, HL-60, causes 
the cells to stop growing and differentiate into macrophage- 
like cells.’ Other studies have shown that PMA causes in vitro 
differentiation of human malignant T-lymphoblastic and 
non-T-/non—B-lymphoblastic leukemia cell lines,*” human 
chronic lymphocytic leukemia cells,” human melanoma and 
neuroblastoma cell lines,” and a rat pheochromocytoma cell 
line.’ 

Colorectal cancer is one of the most common and virulent 
malignant tumors seen in the United States today. Each year, 
colorectal cancer, which has a 50% 5-year mortality rate, will 
be diagnosed in 130 000 individuals.” If a better understand- 
ing of the defects that inhibit cancer cells from undergoing 
differentiation were to be gained, it might become possible to 
modulate malignant cells to become more differentiated in 
vivo. This current study was undertaken to determine wheth- 
er colorectal carcinoma could be induced into a more differen- 
tiated state. In this article, we describe the effects of PMA on 
the differentiation of a human colon carcinoma cell line, with 
respect to changes in structure, cell cycle kinetics, and anti- 
gen expression. 


MATERIALS AND METHODS 
Cell Culture 


The colon adenocarcinoma cell line SW 48, established from a large 
ulcerating grade IV Dukes’ stage C tumor, was obtained (Scott and 
White Clinic, Temple, Tex). *® Cells were maintained in L-15 medi- 
um (GIBCO, Grand Island, NY) and supplemented with 10% fetal calf 
serum (GIBCO), 100 mmol/L of sodium pyruvate, 200 mmol/L of L- 
glutamine, and 20 mg/L of gentamicin (the latter three were obtained 
from Flow Laboratories Inc, MeClean, Va). These were grown in 75- 
cm’ tissue culture flasks (Costar, Cambridge, Mass) and placed in a 
37°C humidified incubator with 1% carbon dioxide atmosphere. Cells 
were harvested with 0.05% trypsin (1:250) in 0.02% ethylenediamine- 
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tetraacetic acid (GIBCO) at 37°C for 10 minutes to provide for maxi- 
mum numbers of viable single cells. Trypan blue exclusion technique 
was used to determine viability. 


Phorbol Diesters 


Phorbol 12-myristate 13-acetate, 4 phorbol 12,13-didecanoate (4 
PDD), phorbol 12,13- dibutyrate (PDBu), and phorbol (Phr) (all 
obtained from P-L Biochemicals Inc, Milwaukee, Wis) were dis- 
solved in dimethyl sulfoxide (DMSO) and stored at — 20°C. To avoid 
frequent thawing and refreezing of stock solution, 0.01 mmol/L quan- 
tities were made up in L-15, and stored in 1- to 5-mL amounts at 
— 20°C. 


Lignt Microscopy 


Cells from stock cultures were seeded into four-well glass chamber 
slides (Miles Laboratories, Naperville, Ill) in triplicate. At the time of 
seeding, each well contained either medium or medium with one of 
the following agents: PMA (100, 10, and 1 nmolL), PDBu (1000 and 
100 nmol/L), 4 PDD (1000 and 100 nmol/L), Phr (1000 and 100 
nmol/L), or DMSO (0.01%). The DMSO concentration was equivalent 
to the highest concentration of DMSO in which a phorbol derivative 
was dissolved. Following exposure, cells were examined in a blind 
manner by two observers for changes in cell size and morphological 
changes with an inverted-light microscope (Olympus, Tokyo, Japan) 
at the following time points: 30 minutes, and 1, 2, 4, 8, 12, 24, 48, 72, 
96, 120, and 144 hours. The cells were not refed with medium during 
these periods because the stimulatory response to new medium could 
confuse the interpretation of cell cycle changes by PMA. In separate 
studies, those cells that displayed a morphological change were sub- 
sequently washed with L-15 medium to see if they would revert to 
their typical structure. In addition, slides of untreated cells and cells 
treated with 100 nmol/L of PMA were fixed at 48 hours with 95% 
isopropyl alcohol and 2% polyethylene glycol, and stained with hema- 
toxylin-eosin, Mayer’s mucicarmine, alcian blue, periodic acid-Schiff, 
or methyl green pyronin. 


Electron Microscopy 


Cells grown for 48 hours in medium and medium with 100 nmol/L of 
PMA were harvested with 0.02% ethylenediaminetetraacetic acid 
(GIBCO) at 37°C for 10 minutes and centrifuged at 300g for 5 minutes. 
The pellets were fixed in 1.5% glutaraldehyde and 0.1 mol/L of 
phosphate buffer (4°C), postfixed in 1% osmium tetroxide and 0.1 
mol/L of phosphate buffer (4°C), dehydrated through an alcohol- 
graded series and propylene oxide, and embedded in Durcupan aral- 
dite epoxy resin (Fluka Chemical Corp, Hauppage, NY). Sections 
were cut at 90 nm, stained with 5% uranyl acetate in 50% methanol 
and Reynold’s lead citrate, and viewed on a transmission electron 
microscope (HU-12, Hitachi Inc, Tokyo, Japan). 

Cells grown on chamber slides for 24 hours in medium and medium 
with 100 nmol/L of PMA were fixed in 1.5% glutaraldehyde and 0.1 
mol/L of phosphate buffer (4°C), postfixed in 1% osmium tetroxide 
and 0.1 mol/L of phosphate buffer (4°C), dehydrated through an 
alcohol-graded series, placed in Freon TF (E. I. Dupont de Nemours 
Co, Wilmington, Del), critical point-dried with Freon 116 (Dupont), 
mounted on a scanning electron microscope stub with silver paint and 
sputter-coated with gold, and viewed under a scanning electron 
microscope (8-500, Hitachi Inc). 


Cell Analysis 


Quantification of cell and nuclear cross-sectional area and mito- 
chondrial number and cross-sectional area was performed with a 
MOP -3 image analyzer (Carl Zeiss Inc, New York, NY). In all 
cases, the magnification was factored into the image analyzer read- 
ings. Hematoxylin-eosin-stained slides were used for cell and nuclear 
area determinations. Transmission electron microscopic sections 
through the nucleolus were considered the midplane of the cell and 
subsequently used to quantitate the number and size of mitochondria. 


Cell Growth 


SW 48 cells from stock cultures were harvested, and 1x 10° cells 
from a single cell suspension were seeded into 75-cm* tissue culture 
flasks containing medium or medium with 100 nmol/L of PMA. 
Counts were determined at 0, 1, 2, 4, 8, 12, 24, 48, 72, 96, 120, and 144 
hours of incubation. Supernatants were discarded prior to harvesting 
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of adherent cells with 0.05% tryspin (1:25) in 0.02% ethylenediamine- 
tetraacetic acid (GIBCO). Three cell counts at each of three replicate 
time points were done with an electronic particle counter (Model 
D2N, Coulter Electronic, Hialeah, Fla). Linear regression analysis of 
the mean counts vs time was performed, and the slope during log 
phase growth was used to determine doubling times. The harvested 
samples from each time point were checked for viability with trypan 
blue and subsequently used for flow cytometry analysis (see below). 


Autoradiography 


Cells (1 x 10°) were plated onto 13-mm round sterile glass cover- 
slips (Miles) placed in a 24-well tissue culture plate (Costar). Each 
well contained either medium or medium with 100 nmol/L of PMA. 
After overnight incubation to allow for cell adherence, each well was 

pulsed with 8.9 x 10° Bq/mL of tritiated thymidine (New England 
Noelak Cambridge, Mass; 55 x 10” Bq/mmol). At 48 hours, cover- 
slips were washed, fixed in 8% paraformaldehyde, air dried, and 
mounted cell side up. NTB2 emulsion (Kodak Co, Rochester, NY) 
dissolved in deionized water was applied for 3 days. These were 
developed with Kodak D-19 developer and fixer, and stained with 
hematoxylin-eosin. Nuclei were considered positive if 10 or more 
grains were present. The percent-labeled nuclei were determined by 
counting 300 cells in triplicate. 


Flow Cytometry 


Samples harvested during cell growth studies were stained with 
propidium iodide as described by Fried et al” using 3.8 nmol/L of 
sodium citrate, 0.05 mg/mL of propidium iodide, 0.1% triton X-100, 
and 7 Kunitz U/mL of ribonuclease B (the latter three were obtained 
from Sigma Chemical Co, St Louis, Mo). The DNA contents were 
analyzed with a flow cytometer (TIPS- IL, Coulter Electronics) set at 
488 nm as described previously. * Computer analysis of DNA histo- 
grams of log phase cells, as described previously,” determined the 
percent of time and cells spent in Go/Gl, S, and G2/M. Fluorescent 
polystyrene beads were used as an internal control. 


Monoclonal Antibody Production and Identification 


Immunization. — BALB/c mice 3 to 4 months old were immunized 
intraperitoneally at days 1 and 14 with 5 x 10° tumor cells obtained 
from a resected metastatic colon cancer. Portions of tumor were 
washed in Dulbecco’s minimal essential medium (GIBCO). Small 
fragments were then forced through a stainless steel mesh and resus- 
pended. The cells were then counted by trypan blue dye exclusion 
technique and adjusted to 1 x 10’ cells per cubic centimeter. 

Production of Hybridoma. — Mice were killed at day 19 and their 
spleens were aseptically harvested. Single-cell suspensions were 
obtained after lysis of red blood cells with ammonium chloride. Splen- 
ocytes were then fused with P,x63Ag8 murine myleloma cells in a 4:1 
ratio in polyethylene glycol (Sigma Chemical Co) solution. Two millili- 
ters of Dulbecco’s minimal essential medium was added to dilute the 
polyethylene glycol, followed by 15 mL of Dulbecco's minimalessen- 
tial medium with 10% fetal calf serum. The cells were centrifuged at 
800 rpm for 10 minutes and resuspended in 3 mL of Dulbecco's 
minimal essential medium containing hypoxanthine, aminopterin, 
and thymidine concentrate, 10% fetal calf serum, 20 mg/L of gentami- 
cin, and 2 mmol/L of glutamine (HAT medium, GIBCO). Following 
counting of viable cells, the concentration was adj usted to 3 x 10” cells 
per mL and 0.2 mL per well distributed in 96-well plates (Costar). 
After 10 days, hybrids were found in most wells. 

Immunoperoxidase Assay. — Supernatants from wells containing 
hybridoma colonies were harvested and assayed against 3-umol/L 
eryostat sections of benign and malignant tissues using the avidin- 
biotin enhanced immunoperoxidase technique | (Vector Laboratories, 
Burlingame, Calif) as described by Hsu et al.” Tissue samples were 
surgical specimens of primary and metastatic colorectal adenocarcin- 
omas obtained from patients undergoing resection. Briefly, the slides 
were incubated in normal horse serum to prevent nonspecific staining 
by the horse biotinylated anti-mouse immunoglobulin. After incuba- 
tion with the primary antibody for 30 minutes, the slides were washed 
in phosphored-buffered saline (Flow Laboratories) followed by 30- 
minute incubation with biotinylated anti-mouse immunoglobulin. The 
avidin-biotin complex—labeled horseradish peroxidase was then add- 
ed after incubation in 0.3% hydrogen peroxide in methanol to elimi- 
nate endogenous peroxidase activity. Finally, the slides were incu- 
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Fig 1.—Photomicrographs, scanning electron micrographs, and 
transmission electron micrographs of control SW 48 cells and cells 
treated with phorbol 12-myristate 13-acetate (PMA) for 24 hours in 
glass chamber slides. 1A, Photomicrograph of untreated SW 48 cells 
(original magnification x 200); 1B, Photomicrograph of PMA-treated 
SW 48 cells (original magnification x 200); 2A, Scanning electron 
micrograph of untreated SW 48 cells (original magnification x 2000); 
2B, Scanning electron micrograph of PMA-treated cells (original mag- 
nification x 2000); 3A, Transmission electron micrograph of untreat- 
ed SW 48 cells (original magnification x 7000); and 3B, Transmission 
electron micrograph of PMA-treated cells (original magnification 
x 7000). Cells treated with PMA displayed cytoplasmic vacuoles and 
an increased number of smaller mitochondria. 


bated for 5 minutes in 0.03% hydrogen peroxide and 0.1% 
diaminobenzidine (Sigma Chemical Co) solution. The slides were then 
dehydrated with methanol and xylene and examined under a light 
microscope following light counterstaining with hematoxylin. 

Identification of Antibody 17-1-G7.— From this fusion, a cloned 
hybrid cell line was obtained that secreted an IgG2b antibody classi- 
fied by Ouchterlony gel diffusion. After repeated subcloning, 5 x 10° 
cells producing 17-1-G7 were injected intraperitoneally into Balb/c 
mice, and ascites was aseptically collected daily, beginning at approx- 
imately 1 week. After washing and centrifugation, the antibody was 
precipitated with ammonium sulfate and dialyzed against phosphate- 
buffered saline. The purified ascites diluted to an optimal dilution of 
1:250 was then used for the remainder of the investigation. The 
molecular weight of the antigen was identified by sodium dodechyl 
sulfate-polyacrylamide gel electrophoresis following iodine 125 radio- 
labeling of cellular proteins. Autoradiography was performed follow- 
ing 2 weeks of gel incubation. 

Identification of G7 Antigen on Cell Lines. — Indirect immuno- 
fluorescence was performed on human colorectal carcinoma cell lines 
SW 48, SW 403, SW 480, and SW 707 (obtained from Scott and White 
Clinic, Houston, Tex). Briefly, after washing with L-15 media with 
0.02% sodium azide, 1x 10° cells per well in Flick microtiter plates 
were incubated with the primary antibody 17-1-G7 for 30 minutes. 
After repeated centrifugation and washing, fluoroscein isothiocya- 
nate—conjugated anti-mouse IgG was added for 30 minutes. Droplets 
were placed on glass slides and examined using a Zeiss fluorescence 
microscope. Two hundred cells were counted twice by three “blinded” 
observers and analyzed for fluorescence. 
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Controls. — Serum of immunized BALB/c donor mouse diluted 1:50 
was utilized as positive control throughout. Negative controls con- 
sisted of supernatant from log phase growth P3x cultures. 

Immunofluorescence of PMA-Treated SW 48. — After growing in 
chamber slides for a minimum of 8 hours with or without phorbol 
derivatives, the cells were washed with L-15 medium containing 
0.02% sodium azide. These were then incubated with the primary 
murine monoclonal antibody 17-1-G7 or anti-carcinoembryonic anti- 
gen (CEA) for 30 minutes. After washing twice, fluoroscein isothio- 
cyanate-conjugated antimouse IgG was applied for 30 minutes. 
These were washed again and viewed with a Zeiss fluorescence 
microscope. Two hundred cells were counted twice by three blinded 
observers and analyzed for fluorescence. 


RESULTS 
Effects of PMA on SW 48 Cell Structure 


Light Microscopy. —Cultured SW 48 cells are round, have 
a high nuclear-to-cytoplasmic ratio, and lack cytoplasmic vac- 
uoles (Fig 1, 1A). Only with increasing culture confluence 
over 5 to 7 days do some of the cells begin to display a few 
cytoplasmic projections. 

When SW 48 cells were seeded into medium containing 100 
nmol/L of PMA, marked morphological changes occurred 
within 1 hour (Fig 1, 1B). By light microscopy, over 80% of 
cells were noted to assume a spread-out, flasklike shape and 
to contain cytoplasmic vacuoles. Similar changes were noted 
following a 1-hour incubation with 1000 nmol/L of PDBu, a 
less active phorbol diester. Fifty percent of SW 48 cells grown 
in 10 nmol/L of PMA and 100 nmol/L of PDBu and 30% of those 
grown in 1 nmol/L of PMA showed these changes within 1 
hour. These increased to 80% to 100% over the ensuing 24 
hours and remained that way for at least 1 week. When cells 
were grown for 24 hours in PMA or PDBu and then washed 
out with medium free of phorbol derivatives, they continued 
to display these morphological changes for 1 week. Dimethyl 
sulfoxide and the biologically inactive phorbol diesters, 4 
PDD and Phr, had no effect on SW 48 morphological changes. 

Image analysis of 100 untreated and treated cells was used 
to calculate the mean+SE of the mean values for total cell 
area, nuclear area, and nuclear-to-cytoplasmic ratio. Un- 
treated cells displayed a mean total cell area of 81.9+2.1 um’, 
nuclear area of 60.0+1.6 ym’, and nuclear-to-cytoplasmic 
ratio of 3.6+ 0.39. Treated cells showed a mean total cell area 
of 186.6 + 4.8 um’, nuclear area of 98.1 + 2.6 ym’, and nuclear- 
to-cytoplasmic ratio of 1.3 +0.065. All these values differed 
significantly from untreated SW 48 cells at the P<.0001 level 
by the unpaired Student t test. 

The light microscopy stains, Mayer’s mucicarmine, alcian 
blue, and periodic acid—Schiff, were unremarkable for both 
control and PMA-treated cells. However, whereas untreated 
SW 48 cells were methyl green pyronin-negative, those incu- 
bated with 100 nmol/L of PMA showed intense cytoplasmic 
staining. Since pyronin stains RNA, this result seems to 
reflect an increased amount and/or activity of cytoplasmic 
RNA after PMA treatment. 

Electron Microscopy.—Scanning electron microscopy of 
SW 48 cells after 24 hours in culture displayed the round 
morphological changes seen on light microscopy, plus numer- 
ous microvilli (Fig 1, 2A). Those incubated with PMA similar- 
ly reflected the spread-out, flasklike shape seen with light 
microscopy (Fig 1, 2B). The density of microvilli did not seem 
to change, although this could not be adequately quantified. 

Transmission electron microscopy showed cytoplasmic 
vacuoles in cells grown in PMA but not in those grown in 
PMA-free medium (Fig 1, 3A and 3B). These vacuoles are 
unlikely to be artifact since they were not seen in cells grown 
in medium without PMA. It was also noted that cells grown in 
PMA exhibited alterations in number and size of mitochon- 
dria. Transmission electron microscopy photomicrographs 
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Fig 2.—Growth curves of SW 48 cells grown in medium (open circles) 
or phorbol 12-myristate 13-acetate (PMA) (closed circles). The 
changes in the slope of the curve during log phase growth of PMA- 
treated cells reflected the lengthening of the doubling time from 35 to 
90 hours. 


through the midplane of cells revealed an average of 13 mito- 
chondria with a mean area of 0.34 ym’ in untreated SW 48 
cells. Those incubated with PMA have an average of 37 mito- 
chondria with a mean area of 0.14 pm’. 


Effects of PMA on SW 48 Cell Cycle Kinetics 


Doubling Time. — Results from linear regression analysis 
of SW 48 cell growth studies were similar to those reported by 
Drewinko et al.” After a lag phase of 24 hours, the cells 
underwent a 3-day period of exponential growth during which 
the doubling time was 35 hours (Fig 2). 

Cells seeded in the presence of 100 nmol/L of PMA differed 
in their growth pattern. They were noted to adhere more 
quickly, a possible cause of their shorter lag period of 12 
hours. However, the doubling time of 90 hours was markedly 
longer when compared with untreated cells. 

Percent viability for both treated and untreated groups 
was determined by trypan blue dye exclusion. The results for 
each group were similar at each time point. Percent viability 
at 8 hours was 76% and 65% of control and PMA-treated cells, 
respectively. From 24 hours on, however, a minimum of 90% 
~ of the cells were viable in each group. 

Percent-Labeled Nuclei.—To determine whether the 
slower doubling time was due to fewer cycling cells, nuclei 
were examined for tritiated thymidine incorporation. Since 
both groups had a log phase under 24 hours, a 48-hour 
incubation period was beleived to be sufficient for tritiated 
thymidine uptake. The percent-labeled nuclei was 83% and 
96% for untreated and PMA-treated cells, respectively. 
Thus, PMA treatment did not decrease the growth fraction, 
since a large percentage of cells in each group were actively 
taking up tritiated thymidine for DNA synthesis. The pro- 
longed doubling time seems to be due to changes within the 
cycle itself. 

Flow Cytometry.—The DNA histograms were construct- 
ed for both treated and untreated (control) cells at 0, 1, 2, 4, 8, 
12, 24, 48, 72, 96, 120, and 144 hours (Fig 3 illustrates selected 
time points). Go/Gl peaks were at channel 40, while G2/M 
peaks were at channel 79. The histograms were similar for up 
to 8 hours’ exposure to PMA. At this point, the G2/M portion 
of the histogram for PMA-treated SW 48 increased more than 
control cells (Fig 3, C and D). It peaked at 24 hours (Fig 3, E 
and F) and gradually decreased, but never equaled the G2/M 
peak for untreated SW 48 cells. 
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Fig 3.—The DNA histograms of untreated and phorbol 12-myristate 
13-acetate (PMA)-treated SW 48 cells. The 1 and 2 on the X-axis 
correspond to 2n and 4n complements of DNA, respectively. An 
increase in G2/M of PMA-treated cells from hour 0 (A and B) was noted 
at 8 hours (C and D), reached a maximum at 24 hours (E and F), and 
decreased thereafter (G through J). 


Cell Cycle Analysis. — The percent of time and cells spent 
in each phase was determined by computer analysis of the 
DNA distributions in Fig 3 (Table 1). Since most cells were 
cycling in both control and PMA-treated groups, the aver- 
aged transit times could be calculated by multiplying the 
percent of time by the doubling times. Thus, during log phase 
growth, SW 48 cells spent 12 hours in Go/Gl, 15 hours in S, and 
8 hours in G2/M. This differed significantly from PMA- 
treated cells, which spent 27 hours in Go/G], 21 hours in S, and 
42 hours in G2/M. These results, coupled with the high per- 
cent-labeled nuclei found with tritiated thymidine suggest 
that the inhibition in growth by PMA is due to transient 
blocks at each phase of the cell cycle, particularly mitosis. 


Effects of PMA on SW 48 Antigen Expression 


Immunoperoxidase Detection of G7 Antigen in Human 
Colorectal Adenocarcinoma.—A total of 37 histologically 
documented malignant colorectal specimens obtained imme- 
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Table 1.—Effects of PMA on the Cell Cycle of SW 48 Cells* 


% Time 
———— A, 


Control PMA 
29.4+1.8t 
23.5+ 1.6$ 
47.1+2.8t 


Cycle 


Phase 


Control 
11.7+0.7 
15.4+1.0 


Hours % Cells 


PMA Control PMA 


36.8 + 2.0T 
24.5+1.4|| 


26.5+1.6t 
21.1+1.4§ 
42.4+2.6t 


41.3+3.2 
41.8+2.7 
16.9+1.3 





_ *Data are expressed as mean + SE. PMA indicates phorbol 12-myristate 13-acetate. 


tComparison was not significant by unpaired Student’s t test of control vs PMA. 


+P<.001. 
§P<.02. 
||P<.005. 


diately after removal at laparotomy were examined (Table 2). 
All 32 moderately and poorly differentiated colorectal carci- 
nomas tested exhibited fairly homogeneous intense cytoplas- 
mic staining. Weak to intermediate surface staining only was 
observed in five well-differentiated carcinomas and in three 
adenomatous polyps. Normal colorectal specimens from the 
same patients also exhibited weak mucosal surface staining 
(Table 2). 

Detection of G7 Antigen in Other Tissues. — Expression 
of the antigen was not found to be restricted to colonic tissue. 
As in the colon, it was weakly present on the membrane of 
benign gastric, prostatic, and gallbladder mucosal cells. How- 
ever, it was similarly found in gastric and prostatic carcino- 
mas. Squamous cell carcinomas examined exhibited a striking 
heterogeneity with staining observed mostly in the centers of 
tumor whorls. 

Detection of G7 Antigen in Tumor Cell Lines Under 
Routine Growth Conditions. — Four cell lines obtained from 
the Scott and White Clinic, SW 48, SW 480, SW 403, and SW 
707, were examined by the indirect immunofluorescence tech- 
nique. Lines SW 48 and SW 707 did not appear to express the 
antigen, while 80% to 100% of SW 403 and SW 480 cells 
appeared to express the antigen on their surface. Competi- 
tive blocking studies with anti-CEA antibody demonstrated 
that the antigen is at least distinct from the CEA epitopes 
recognized by the anti-CEA antibody utilized. Incubation of 
monoclonal antibody 17-1-G7 with whole human blood and 
leukocytes indicated that the antigen recognized is not an Fc 
receptor. The antigen identified appeared to be a glycopro- 
tein with a molecular weight of 72 000 d identified by sodium 
dodechy] sulfate-polyacrylamide gel electrophoresis. 

Antigen Expression After SW 48 Incubation With Phor- 
bol Diesters. — Cells grown in chamber slides were tested for 
the presence of the G7 antigen by indirect immunofluores- 
cence. Although SW 48 failed to express the G7 antigen under 
routine growth conditions, incubation with PMA and PDBu 
induced its expression (Table 3). This effect was time and 
concentration dependent. Pharmacologically inactive phorbol 
diesters, 4 PDD and Phr, did not induce this antigen 
expression. 

Cells grown in chamber slides were also tested for the 
presence of CEA by indirect immunofluorescence with a mu- 
rine anti-CEA monoclonal antibody. Under routine growth 
conditions, SW 48 cells display weak fluorescence. After 24 
hours of incubation with 100 nmol/L of PMA, however, 10% to 
33% of cells exhibited intense fluorescence (Table 4). As with 
the G7 antigen, CEA expression was dependent on time and 
PMA concentration. The 4 PDD failed to induce this antigen 
expression. 


COMMENT 
Phorbol 12-myristate 13-acetate, the most potent tumor 
promoter found in Croton oil, has been the focus of a vast 
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Table 2.—Presence of G7 Antigen in Colorectal 


. . 


Surgical Specimens 


No. of 
Abnormal 
Specimens 


Immunofluo- 
peroxidase 
Intensity 


Microscopic 
Pathologic 
Findings 


Benign colorectal 
tissue 

Benign adenomatous 
polyp 3/3 

Well-differentiated 
adenocarcinoma 5/5 


Moderately and poorly 
differentiated 
adenocarcinoma 


Table 3.—Percentage of Cells Induced by Phorbol 
Derivatives to Express G7 Antigen* 
Hours of Incubationt 
SO A Sw E 
Derivative 0 8 24 72 192 
0 ł § § § 


Antigen 
Location 


40/40 Cell membrane Weak 


Cell membrane Weak 


Cell membrane Weak 


32/32 Cytoplasm Intense 









PMA, nmol/L 
100 


10 0 $ | § § 
1 0 0 t § § 
PDBu, nmol/L 
1000 0 ł § § § 
100 0 ł | § § 
4 PDD, nmol/L 
1000 0 0 0 0 0 
100 0 0 0 0 0 
Phr, nmol/L 
1000 0 0 0 0 0 
100 0 0 0 0 0 


*PMA indicates phorbol 12-myristate 13-acetate; PDBu, phorbol 12,13- 
dibutyrate; 4 PDD, 4 phorbol 12,13-didecanoate; and Phr, phorbol. 

tO indicates antigen negative. 

Ten percent to 33% of cells were antigen positive. 

§Sixty-seven percent to 100% of cells were antigen positive. 

[Thirty-four percent to 66% of cells were antigen positive. 

















literature since its discovery. It has been described as a tumor 
promoter” and as a differentiating agent.”” From a practical 
viewpoint, tumor promotion and differentiation by phorbol 
diesters appear to be interrelated.” This study shows that 
PMA causes a poorly differentiated human colon cancer cell 
line to undergo a rapid and significant change in cell structure 
and cell cycle kinetics, and induces expression of antigenic 
markers found on well-differentiated cells. Treatment with 
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Table 4.—Percentage of Cells Induced by Phorbol 
Derivatives to Express Carcinoembryonic Antigen (CEA)* 


| Hours of Incubationt 


PMA, nmol/L 
100 


4 PDD, nmol/L 
1000 


100 


*PMA indicates phorbol 12-myristate 13-acetate; 4 PDD, 4 phorbol 12,13- 
didecanoate. 

tO indicates CEA negative. 

Ten percent to 33% of cells were CEA positive. 

§Thirty-four percent to 66% of cells were CEA positive. 

Sixty-seven percent to 100% of cells were CEA positive. 


500 nmol/L of PMA caused cells to develop a more differenti- 
ated structure at 1 hour, a decreased nuclear-to-cytoplasmic 
ratio, an almost threefold rise in average number of mitochon- 
dria per cell, an increased staining for cytoplasmic RNA, 
lengthening of doubling time from 35 hours to 90 hours, and 
varying blocks at each phase of the cell cycle. In addition, 
whereas these cells failed to express significant amounts of G7 
antigen or CEA under routine growth conditions, their ex- 
pression was induced after only 8 hours’ incubation with 
pharmacologically active phorbol diesters. These changes are 
consistent with the induction of increased differentiation of 
SW 48. Unlike terminal differentiation, however, these cells 
continued to cycle. 

The addition of PMA seems to stimulate a number of mor- 
phological changes. The light microscopic alterations seen 
following PMA incubation occurred rapidly. Although PMA is 
lipophilic, the lack of effect by 4 PDD, a lipophilic but biologi- 
cally inert phorbol diester, suggests that these changes were 
not solely due to PMA’s lipophilic nature. In addition, when 
the PMA or PDBu was washed out, the morphological 
changes persisted without the continued presence of a phor- 
bol diester. Similar results have been found with phorbol 
diester—-induced macrophage spreading.” 

SW 48 cells incubated with 100 nmol/L of PMA developed a 
significant drop in nuclear-to-cytoplasmic ratio from 3.6 to 1.3 
(P<.0001). This change, which is another variable consistent 
with the passage of a malignant cell to a more differentiated 
state, has also been found in a human promyelocytic leukemia 
cell line’ and human chronic lymphocytic leukemia cells” after 
incubation with PMA. 

Following PMA treatment, the cells stained with methyl 
green pyronin were noted to have an increased cytoplasmic 
RNA staining. Other investigators have shown that PMA 
treatment leads to an increase in RNA production in mouse 
myeloid leukemia cells” and mouse epidermis.” An increase in 
protein synthesis secondary to an increase in RNA may be 
related to the tumor promotion/differentiation effects seen 
after PMA treatment. 

Following PMA treatment, the size of mitochondria de- 
creased while their number increased. A decreased cross- 
sectional area has been reported with DMSO-induced differ- 
entiation of HL-60 cells.” Others have reported that PMA- 
induced differentiation of human chronic lymphocytic 
leukemia cells also causes an increased number of 
mitochondria.” 

This study suggests that phorbol diesters exert a rapid and 
prominent effect on the cell cycle. This change was first 
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detected after 8 hours of SW 48 incubation with PMA. Com- 
puter analysis, coupled with the 34 calculated doubling times, 
revealed that these alterations were most likely due to tran- 
sient blocks at each phase of the cell cycle. The effect of PMA 
on the kinetics of cancer cells has also been noted to mimic the 
effects of radiation. That is, radiation treatments have been 
noted to slow the transition from G, to S, the rate of DNA 
synthesis, and the passage through G,.” SW 48 cells incubated 
with PMA continued to cycle at a slower rate. This may serve 
as a useful model of the clinical effects of radiation therapy on 
colon cancer cells. 

Since phorbol diesters have been shown to stimulate phos- 
phorylation of histones,”” some studies have suggested that 
they may modulate gene expression.” One may also specu- 
late that this would modulate DNA synthesis and the cell 
cycle. If PMA causes an epithelial cell to differentiate, the 
DNA would more likely serve as a template for production of 
messenger RNA involved in cell maintenance rather than cell 
replication. This may result in the lengthened cell cycle found 
in well-differentiated cells compared with poorly differenti- 
ated ones. 

The glycoprotein antigen recognized by monoclonal anti- 
body 17-1-G7 in this study seems to be expressed intracellu- 
larly in moderately and poorly differentiated human colorec- 
tal adenocarcinoma (Table 2). It is present on the membrane, 
however, of benign colorectal tissue and well-differentiated 
adenocarcinomas. Thus, it seemed to be a useful monitor of 
increasing differentiation of colorectal carcinomas. As a re- 
sult, it was employed in studies in which a cell line was induced 
to a more differentiated state by morphological and cell cycle 
kinetic criteria. Under routine growth conditions, the poorly 
differentiated human colon carcinoma cell line, SW 48, does 
not express this antigen. Incubation with the pharmacologi- 
cally active phorbol derivatives PMA and PDBu induced 
expression of this antigen in a time- and concentration-depen- 
dent manner (Table 3). This effect was not reversible by 
washing away these agents. Neither of the biologically inac- 
tive agents, 4 PDD and Phr, induced G7 expression. It should 
be noted that like PMA and PDBu, 4 PDD also has lipophilic 
properties, while Phr does not. The fact that immunofluores- 
cence was negative after incubation with 4 PDD confirms that 
this is not a result of membrane changes. Rather, the antigen 
is either being newly synthesized and expressed on the mem- 
brane, or it is already present in the cytoplasm and moves to 
the membrane surface after incubation with PMA or PDBu. 

The results also show that the SW 48 line studied weakly 
expressed CEA under routine growth conditions. After 
growth in media containing PMA, the antigen’s expression 
increased in a time- and PMA concentration-dependent man- 
ner (Table 4). This was not found by incubation with the 
inactive 4 PDD. It should be noted that other investigators 
have data showing these cells express CEA under routine 
conditions.” The fact that our cell line differed before adding 
PMA may mean that we have a different clone of SW 48. It is 
not likely to be a false-negative result since a well-tested 
murine anti-CEA monoclonal antibody was used. In addition, 
its expression clearly changed after the addition of PMA. 
Thus, this study seems to show that PMA also increases CEA 
expression by either induction or movement of the antigen 
from cytoplasm to membrane surface. This strengthens the 
argument that SW 48 is undergoing differentiation since CEA 
is more often expressed by well-differentiated cells. 

The rapid morphological changes induced by nanomolar 
quantities of PMA and PDBu occurred hours prior to the first 
observable changes in the cell cycle. Others have suggested 
that the growth changes exerted by phorbol diester are trig- 
gered by their interaction with the cell membrane.” Purifi- 
cation studies indicate that protein kinase C serves as the 
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membrane receptor protein for the pharmacologically active 
phorbol diester derivatives.” Increasing evidence also points 
to protein kinase C, a calcium and phospholipid-dependent 
enzyme, as the phorbol diester mediator of cell responses.”* 
Diacylglycerol serves as the transient intracellular messen- 
ger for protein kinase C activation, and PMA has a diacylgly- 
cerollike structure in its molecule, possibly enabling it to 
directly activate protein kinase C.* Once activated, protein 
kinase C phosphorylates a number of intracellular substrates 
that may be responsible for the tumor promotion/differentia- 
tion effects seen. 

As noted earlier, some authors believe that malignant 
transformation is due to a defect in cell proliferation that 
prevents cells from differentiating.” A defect at the mem- 
brane level, preventing the activation of protein kinase C, 
theoretically could be bypassed with PMA to directly activate 
the enzyme. The cell may thus revert to a structure and cell 
cycle characteristic of differentiated cells. Since normal colon- 
ic epithelial cells continue to cycle, albeit slower, one would 
not expect the terminal-type differentiation characteristic of 
granulocytes. SW 48 cells treated with PMA developed a 
structure, lengthened cell cycle, and antigen expression sug- 
gestive of differentiated colonic epithelial cells. The biologi- 


cally inert phorbol diester derivatives, 4 PDD and Phr, failed 
to induce these changes. 

In light of the overall poor prognosis of colon carcinoma, 
there has been increasing interest in the study of agents that 
can induce these neoplasms to differentiate.** Phorbol dies- 
ters have been described as mediators of differentiation in a 
number of cancer systems.’ This current study describes the 
changes found in structure, cell cycle kinetics, and antigen 
expression consistent with the induction of nonterminal dif- 
ferentiation in a human colon carcinoma cell line treated with 
PMA. As noted, these effects are similar to those induced by 
radiation. In the future, other agents could be employed with 
PMA, in this model, to determine whether terminal differen- 
tiation can be induced. This would have significant clinical 
applicability. 
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Inhibition of Sialic Acid Incorporation 


Prevents Hepatic Metastases 


Hans E. Wagner, MD; Peter Thomas, PhD; Barbara C. Wolf, MD; Alan Rapoza; Glenn Steele, Jr, MD, PhD 


è It has been hypothesized that the metastatic capacity of 


tumors may be correlated with hypersialylation of the cell sur- 


face. We used a novel inhibitor of sialic acid incorporation, KI- 
8110, to determine the effect of depletion of cell surface sialic 
acid on the metastatic behavior of three human colorectal cancer 
cell lines, in which hepatic seeding was related to tumor cell 
differentiation. Treatment of tumor cells with KI-8110 prior to 
intrasplenic injection prevented liver colonization. Total cellular 
sialic acid was reduced, as was that of the cell surface. Secreted 
forms of carcinoembryonic antigen also were depleted of sialic 
acid by this treatment. These data show that depletion of sialic 
acid from cell surface glycoconjugates reduces the incidence of 
hepatic metastases from human colorectal primary tumors and 
adds to the mounting evidence of the importance of sialic acid in 
determining the biological behavior of tumor cells. 
(Arch Surg. 1990;125:351-354) 


any studies have shown that cell surface glycoproteins 

and glycolipids affect the metastatic potential of tumor 
cells.’” Specifically, the amount of sialic acid present on the 
terminal position of N-linked oligosaccaride chains is in- 
creased on malignant transformation. This increase is 
thought to play a key role in influencing the tumorigenic and 
metastatic potential of tumor cells.*"” Evidence of the impor- 
tance of cell surface sialic acid is derived from effects of sialic 
acid modulators such as enzymes or inhibitors of glycosyla- 
tion. ™™ Some neoplastic cells show an altered organ coloniza- 
tion pattern after treatment with the enzymes trypsin or 
neuraminidase." Glycosylation inhibitors reduce experimen- 
tal metastasis from murine cancer cell lines, *™ and nonmetas- 
tatic melanoma cells acquire the metastatic phenotype by 
transfer of membrane vesicles from a metastatic variant.” 
Furthermore, sialic acids play an important role in cell-cell 
and cell-extracellular matrix interactions.“” These factors 
are known to be important in the metastatic cascade. °” 

Sialic acids are added to the growing oligosaccaride chains 
at the endoplasmatic reticulum and Golgi apparatus. This 
step is a chain termination event” and can be affected by 
inhibition of the sialyltransferase enzymes or by inhibition of 
transport of the substrate cytidine monophosphate-sialic acid 
into the Golgi vesicles.’ KI-8110 is a novel cytidine monophos- 
phate-sialic acid derivative that specifically blocks the incor- 
poration of sialic acid into the carbohydrate side chains of 
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glycoconjugates.’ Previous studies with this compound 
showed a considerable reduction in the incidence of pulmo- 
nary metastases and extended survival in a mouse colon 
adenocarcinoma model.* In this model, KI-8110 inhibited tu- 
mor cell-induced platelet aggregation and platelet derived 
growth factor-induced tumor cell growth.* 

The intrasplenic injection of human tumor cells into nude 
mice allows the study of steps of the metastatic cascade that 
occur once tumor cells have entered the circulation.” This 
enables examination of perturbations of the tumor cells on 
growth in the organ in which metastases from colorectal 
cancers most often occur. 

We report here the effect of this novel inhibitor of sialic acid 
incorporation on the ability of three human colorectal cancer 
(HCRC) cell lines, of varying degrees of differentiation, to 
grow in the liver of athymic nude mice following intrasplenic 
injection of tumor cells. 


METHODS 
Animals 


Six- to 8-week-old male, athymic, Swiss nude mice were obtained 
from Taconic Farms (Germantown, NY). The animals were kept 
under specific pathogen-free conditions and were given food and 
water ad libitum. 


Cell Lines 


The HCRC cell lines MIP-101, HT-29, and SW 837 were main- 
tained in 50% RPMI-1640/50% Dulbecco minimal essential medium 
(Gibco, Grand Island, NY) supplemented with 5% fetal calf serum/5% 
calf serum, 100 U/mL of penicillin G/streptomycin sulfate and 2 mmol 
of L-glutamine. Cells were kept at 37°C in a humid atmosphere of 10% 
carbon dioxide. All cell lines tested free of mycoplasma by Hoechst 
stain (Sigma Chemical Co, St Louis, Mo) for mycoplasmal RNA. 
Characteristics of the cell lines are summarized in Table 1. 

For intrasplenic injection, subconfluent cells were mechanically 
harvested. The washed cells were counted and resuspended by gentle 
pipetting. Viability was determined by trypan blue dye exclusion and 
cell number by using a hemocytometer. Cells for injection had a 
viability greater than 80%. 


Reagents 


KI-8110 was used in all experiments.” For the intrasplenic injec- 
tion experiments, cells were cultured with (or without) 10 -* mol/L of 
KI-8110 for 24 hours. 

Carcinoembryonic antigen (CEA) concentrations in the tissue cul- 
ture supernatants were determined with the CEA-Roche Enzyme 
Immuno Assay Kit (Roche, Nutley, NJ). 


Immunoblotting 


Mechanically harvested cells were labeled with iodine 125 using the 
lactoperoxidase technique. The labeled cells were lysed with a 0.1 
mol/L TRIS hydrochloride buffer containing 0.9% sodium chloride, 
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0.5% Triton X-100, and 5 mmol/L phenylmethy] sulphony] fluoride 
(1.0 mL), and dialyzed overnight against 2 L of the same buffer. 
Following centrifugation (11 000 rpm), 20 uL of the labeled cell lysate 
was separated by isoelectric focusing (IEF) in an ISOGEL Agarose 
precast IEF plate (FMC Bioproducts, Rockland, Maine). Proteins 
were fixed and stained with Coomassie Brilliant Blue (Sigma Chemi- 
cal Co). Gels were dried and the radioactively labeled cell surface 
proteins visualized by autoradiography. 

For CEA detection before and after KI-8110 treatment, proteins 
were extracted with perchloric acid from supernatants from SW 837 
cultures, dialyzed against water until neutral pH then freeze-dried. 
Proteins were separated by IEF and electro-blotted onto nitrocellu- 
lose as described by Towbin et al.” Carcinoembryonic antigen was 
detected on nitrocellulose by a specific monoclonal antibody. A second 
antibody rabbit antimouse IgG was used followed by detection with 
I-labeled goat antirabbit IgG. Proteins were visualized by 
autoradiography. 


Sialic Acid Determination 


Sialic acid content was determined according to the procedure 
published by Kijima-Suda et al.” Briefly, for the estimation of total 
sialic acid content, cells were washed and mechanically harvested, 
and 5 x 10° cells were resuspended in 0.05 mol/L of sulphuric acid and 
incubated for 1 hour at 80°C. Supernatants were assayed for sialic 
acid using the thiobarbituric acid method of Aminoff.” Neuramini- 
dase-releasable sialic acid content was measured after incubating 
5 x 10° cells in 0.02 U of neuraminidase (Vibrio cholerae, Calbiochem, 
San Diego, Calif) per 1 mL of 0.1 mol/L of sodium phosphate buffer 
(pH 6.5) containing 0.15 mol/L of sodium chloride and 5 mmol/L of 
calcium chloride, at 37°C for 2 hours. 


Tumorigenicity Assay 


Four athymic mice were injected with 2 x 10° cells at four different 
sites and scored for tumor growth. 


Liver Metastases Assay 


Experimental liver colonization was studied, following intrasplenic 
injection as described in detail by Kozlowski et al.” Briefly, mice were 
anesthetized with sodium pentobarbital intraperitoneally (50 mg/kg). 
A small incision was made over the spleen. The spleen was carefully 
exposed and 2x 10° viable tumor cells in 0.2 mL of phosphate-buff- 
ered saline were slowly injected with a 27-gauge needle. The abdomi- 
nal wall was closed with sutures and the skin with metal wound clips. 
The mice were killed when sick or at 90 days. 


Histopathological Examination 


Specimens from the liver, lung, and spleen were fixed in 10% 
buffered formaldehyde solution and processed routinely. Histologi- 
cally examined sections were stained with hematoxylin-eosin. 


Statistical Analyses 


Data were analyzed by the Fisher Exact Test and the unpaired t 
test. 


RESULTS 
Effect of KI-8110 on the Sialic Acid Content 


The amount of total sialic acid present in the untreated cell 
lines correlated with their degree of differentiation—it was 


Table 1.—Characterization of Human Colorectal 
Cancer Cell Lines 


CEA Production, 
Cell ng/10° Celis 


Tumorigenicity 
Lines Differentiation per 10 d* Subcutaneous, % 


MIP-101 Poor 00 100 
HT-29 Moderate 51 100 
100 


SW-837 Well 523 


*CEA indicates carcinoembryonic antigen. 
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lowest in the poorly differentiated cell line MIP-101 and high- 
est in the well-differentiated cell line SW 837. The percentage 
of cell surface neuraminidase-releasable sialic acid was simi- 
lar for all three cell lines: 15% for SW 837 and 12% for HT-29 
and MIP-101. Total releasable sialic acid also correlated with 
differentiation. After KI-8110 treatment, the total as well as 
the neuraminidase-releasable sialic acid content was signifi- 
cantly reduced in all cell lines. These data are presented in Fig 
| 


Effect of KI-8110 Treatment on Cell Surface Glycoproteins 


All three cell lines cultured for 24 hours with 10 * mol/L of 
KI-8110 showed a loss of cell surface negative charge as 
shown by IEF of radiolabeled proteins (Fig 2). 


Effect of KI-8110 on Secreted CEA 


Supernatants from SW 837 were screened for CEA using 
IEF separation, Western blotting, and immunodetection by 
anti-CEA monoclonal antibodies. Secreted CEA was desialy- 
lated after culturing for 24 hours with KI-8110, and the effect 
of KI-8110 treatment lasted for more than 72 hours (Fig 3). 


Effect of KI-8110 on Experimental Liver Metastases 


The tumorigenic and metastatic potential of the intras- 
plenic injected cell lines correlated with the degree of differ- 
entiation and CEA production. Poorly-differentiated MIP- 
101 did not grow locally in the spleen or in the liver. In 
contrast, the differentiated cell lines HT-29 and SW 837 
formed tumors in the spleen and metastasized to the liver in 
50% of the animals. All the cell lines grew subcutaneously in 
100% of the mice. After pretreatment with KI-8110, MIP-101 
cells grew in the spleen, showing that injected cells were 
viable but remained nonmetastatic. On the other hand, HT-29 
and SW 837 remained tumorigenic but lost their ability to 
grow within the liver (Table 2). 


COMMENT 


The importance of the effect of hypersialylation of tumor 
cells on malignant transformation and in metastasis is well 
documented for different tumor cell systems." Modulating 
the cell surface of these cells by enzymes, such as trypsin to 
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KI-8110 Treatment 
Fig 1.—Effect of KI-8110 (10 * mol/L for 24 hours) on total (open bars) 
and neuraminidase-releasable (solid bars) sialic acid content of the 
cell lines MIP-101, HT-29, and SW 837. Total sialic acid content 
correlated with differentiation of the cell lines and was significantly 
reduced after KI-8110 treatment. 
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Control KI-8110 Control KI-8110 Control KI-8110 
MIP-101 HT-29 SW 837 


Fig 2.—Effect of KI-8110 on cell surface glycoproteins; isoelectric 
focusing separation of iodine 125-labeled cell surface glycoproteins 
from the three cell lines. The autoradiograms show a shift to more 
basic isoelectric points after KI-8110 treatment consistent with re- 
duced sialic acid incorporation. 


cleave exposed glycoproteins or neuraminidase to specifically 
remove sialic acid, or by glycosylation inhibitors, such as 
tunicamycin or swainsonine, can reduce the metastatic poten- 
tial of the treated cells. ”™™ Use of a specific inhibitor of sialic 
acid incorporation, KI-8110, has allowed us to study the effect 
of inhibiting incorporation of sialic acid into cell surface oligo- 
saccharides on the in vivo behavior of three HCRC cell lines of 
varying degrees of differentiation and CEA production after 
intrasplenic injection in the nude mouse.” KI-8110 inhibits 
sialic acid incorporation probably by inhibiting CMP-sialic 
acid transport into the endoplasmatic reticulum and Golgi 
apparatus (B. E. Harvey, MD, and P. Thomas, PhD, unpub- 
lished data, 1989). It is not a competitive inhibitor of tumor 
cell sialyltransferase as initially suggested.’ This inhibition 
affects membrane as well as secreted glycoconjugates such as 
CEA. Treatment with KI-8110 caused a reduction in total 
sialic acid content of tumor cells, loss of cell surface negativ- 
ity, and desialylation of secreted CEA (Figs 1 through 3). Its 
long-lasting action, at least 72 hours (Fig 3), makes this 
compound more effective at limiting cell surface sialic acid 
than treatment with neuraminidase. 

Desialylation of tumor cells with KI-8110 prior to intras- 
plenic injection prevented liver colonization from two meta- 
static HCRC cell lines, HT-29 and SW 837, while local growth 
of the tumors in the spleen was unaffected (Table 2). Because 
sialic acid plays an important role in cell-cell and cell-extracel- 
lular matrix interactions,” perturbation of cell surface sialic 
acid can cause major changes in cell behavior." For example, 
hyposialylation of the cell surface may decrease homotypic 
cell-cell interactions preventing formation of tumor emboli. 
At the same time, heterotypic interaction with effector cells, 
such as macrophages or natural killer cells, may increase. 
These factors have all been shown to play a role in the develop- 
ment of metastases, ® 5075233 

Surprisingly, the incidence of metastases in the untreated 
cells correlated with their degree of differentiation, CEA 
production, and sialic acid content. The poorly differentiated 
cell line, MIP-101, was neither tumorigenic in the spleen nor 
metastatic, in contrast to the moderately well-differentiated 
cell lines HT-29 and SW 837, which were both tumorigenic 
and metastatic in a high percentage of the animals (Table 2). 
From clinical experience and subcutaneous growth rates of 
the cell lines one would expect the opposite pattern of metas- 
tasis. There are increasing reports, however, showing that 
the degree of differentiation inversely affects tumorigenicity 
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Fig 3.—Effect of KI-8110 on secreted carcinoembryonic antigen 
(CEA); the autoradiogram of CEA immunoblot analysis of superna- 
tants from SW 837 cells treated with KI-8110 shows a shift to more 
basic isoelectric points consistent with desialylation. The effect of KI- 
8110 persists for at least 72 hours. Cont indicates control supernatant 
from untreated cells; STD, purified CEA. 


Table 2.—Hepatic and Splenic Tumor Growth Before and 
After KI-8110 Treatment* 


Hepatic Growth Splenic Growth 


Cell erase ret oe arias sein 
Lines Control KI-8110 Control KI-8110 
SW 837 5/10 0/12 4/10 6/12 
HT-29 3/6 0/6 3/6 3/6 
MIP-101 0/12 0/12 3/12 11/12 


*P<_.002 (Fisher's Exact Test) for treated (SW 837 and HT-29) vs untreated 
(SW 837 and HT-29) cell lines for hepatic growth. 


and metastatic proclivity.” It has been shown that differen- 
tiated HCRC cells are more resistant to effector cell lysis.” 
Both natural killer cells and Kupffer cells have been impli- 
cated in tumor cell surveillance and killing in the liver.“™ 
Blocking of Kupffer cell CEA-receptors by well-differentiat- 
ed, CEA-producing cell lines could also be involved in host- 
tumor cell interaction. There is evidence that CEA can act as 
an attachment factor for colorectal cancer cells in the liver,” 
and recently Benchimol et al? have shown that CEA can act as 
an adhesion molecule in homotypic aggregation of tumor cells. 
We have described specific receptor systems that recognize 
CEA and other members of its gene family on Kupffer cells.” 
Carcinoembryonic antigen can also be transferred to hepato- 
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cytes following modification by the Kupffer cell and therefore 
could act as an attachment factor both in the sinusoid and in 
the parenchyma.“ Further evidence for this hypothesis has 
been provided by Hostetter et al,“ who have shown that 
exogenously administered CEA enhances the metastatic pro- 
clivity of a poorly metastatic colorectal cancer cell line. In 
other experiments we have shown that injection of CEA prior 
to injection of MIP-101 cells in athymic mice will also enhance 
the metastatic proclivity of this cell line (H. E.W., GS. ET, 
unpublished data, 1989). 

Desialylation of tumor cells with KI-8110 prior to intras- 
plenic injection increased the tumorigenicity of MIP-101 by 
promoting local growth in the spleen, while local growth of the 
two well-differentiated cell lines was not affected (Table 2). 
This increase in local growth of MIP-101 cells could be ex- 


plained on the basis of decreased invasiveness and cell motil- 
ity causing retention of the cells within the spleen for longer 
periods. 

In summary, these results provide further evidence for the 
involvement of sialic acid in the process of tumor cell seeding 
and metastasis formation from colorectal cancer cells. The 
data also suggest the potential usefulness of inhibitors of sialic 
acid incorporation as antimetastatic agents. Further studies 
are under way to determine the effectiveness of KI-8110 on a 
wider range of tumor cell lines and whether systemic injection 
of the compound also results in decreased hepatic metastases 
formation in the splenic injection model. 


This work was supported by grants CA44704 and CA44583 from the National 
Cancer Institute, National Institutes of Health, Bethesda, Md. 
KI-8110 was a gift from MECT Corp, Tokyo, Japan. 
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Combination Regional Therapy for 


Extremity Sarcoma 


A Tricenter Study 


Harold J. Wanebo, MD; Walley J. Temple, MD; Martin B. Popp, MD; Charles E. Douvill, MD; Michael Yablonski 


e Patients with extremity sarcomas were treated with a neoad- 
juvant therapy protocol that had originated within the Southeast- 
ern Cancer Study Group. Major objectives were to determine 
tolerance of therapy and its effects on tumor control and survival. 
After undergoing biopsy, patients received intra-arterial infusion 
with doxorubicin hydrochloride (Adriamycin) (30 mg every 24 
hours) for 3 days and were allocated by institution to receive 
irradiation of 30 or 35 Gy in 10 fractions or 46 Gy in 23 to 25 
fractions. Surgery was done within 7 to 10 days or 30 days 
pending irradiation dose. Postoperative chemotherapy was giv- 
en to 31 patients. There were 60 patients, 29 women and 31 men 
with a median age of 48 years, with 53 soft-tissue tumors and 7 
malignant bone tumors. Stages (American Joint Committee on 
Cancer) included stage IB, 2 patients; stages IIA and IIB, 9 pa- 
tients; stage IIIA, IIIB, or IIIC, 39 patients; and stages IVA or IVB, 10 
patients. Limb salvage surgery was done in 57 patients, including 
radical resection in 23 with large extensive tumors, wide local 
excision in 30, excision with narrow margins in 7, primary ampu- 
tation in 3, and delayed amputation in 2 because of wound com- 
plications. There was one local recurrence in the 57 patients who 
had limb salvage surgery. Disease-free and overall survival at 48 
months were 47% and 56%, respectively. We conclude that com- 
bined therapy for extremity sarcomas in a multicenter setting 
resulted in excellent local control, good function, and reasonable 
long-term survival in patients having limb salvage surgery. 

(Arch Surg. 1990;125:355-359) 


Ar of treatment programs have been used in the 
management of soft-tissue and bone sarcomas of the 
extremities. '* Eilber et al** at UCLA have popularized preop- 
erative regional chemotherapy and radiation therapy fol- 
lowed by limb-salvage surgery in patients with high-grade 
sarcomas. Their program showed an excellent local control 
rate, with local recurrences less than 4% and a projected 
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survival rate of about 65%.° During the earlier phases of this 
study, the irradiation dosage of 35 Gy in 10 fractions was 
associated with increased numbers of both acute and delayed 
complications, such as bone fractures, and the irradiation 
dosage was reduced to 17 Gy. Although this markedly im- 
proved the wound complication rate and reduced delayed 
wound complications, it was also associated with increased 
local recurrence rates in the 12% range. "* Subsequent irradia- 
tion dosages of 28 Gy in 8 fractions improved the local control 
without major increases in complications. About 7 years ago, 
three of us (H.J.W., W.J.T., and M.B.P.) participated in the 
Southeastern Cancer Study Group proposal to evaluate re- 
gional chemotherapy and irradiation as adjuvant therapy for 
high-grade sarcomas of the extremities. At that time, the 
study was to compare a low dosage, 35 Gy in 10 fractions, vs a 
higher dosage, 46 Gy given over a protracted period (23 to 25 
fractions). With dissolution of the Southeastern Cancer Study 
Group, the randomized trial was disbanded, but three of the 
institutional members continued using one of the treatment 
arms of the randomized trial or the original treatment pro- 
gram of the UCLA group. This included irradiation dosages of 
30 or 35 Gy in 10 fractions compared with 45 to 46 Gy in 23 to 25 
fractions. There were 60 patients accrued by three of us 
(H.J.W., W.J.T., and M.B.P.) who were treated in a unified 
way, using modification of the protocol of Eilber et al”: it 
appeared to be of value, therefore, to review these data, 
which may serve as a basis for developing future trials. 


MATERIALS AND METHODS 


Patients with extremity tumors admitted to the Universities of 
Virginia (Charlottesville), Calgary (Canada), or Cincinnati (Ohio) 
were diagnosed and evaluated by the same variables. All patients 
underwent an open biopsy and tumors were graded according to the 
American Joint Committee on Cancer (AJCC) staging.” Preoper- 
ative evaluation included a chest roentgenogram, generally a chest 
computed tomographic scan, a computed tomographic scan of the 
extremities, and an arteriogram of the extremity prior to placement 
of a catheter for the intra-arterial infusion. A multigated radionuclide 
cardiac function study was done in most patients along with a bone 
scan. Patients were excluded if their tumor was considered unresec- 
table because of the extent of disease, if they had multiple disease 
metastases, if they could not (or refused to) receive intra-arterial 
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doxorubicin hydrochloride (Adriamycin), or if they had previously 
received irradiation and/or chemotherapy to the extremity involved. 
In general, patients with low-grade small sarcomas were also 
excluded. 

Intra-arterial doxorubicin hydrochloride was infused directly into 
the vessel feeding the tumor at a rate of 30 mg per 24 hours for a 72- 
hour period. The patient was heparinized by a separate intravenous 
line at a dose that maintained a partial thromboplastin time that was 
generally in the subtherapeutic or low therapeutic range. This was 
generally achieved by a continuous infusion of heparin at 400 to 
800 U/h. The patients were given concurrent radiation therapy with a 
dosage varying according to the institution. The irradiation factors 
included 30 Gy in 10 fractions at the University of Calgary, 35 Gy in 10 
fractions at the University of Virginia, and 46 Gy in 23 to 25 fractions 
at the University of Cincinnati. At the University of Virginia, after 
the initial 11 patients had been treated according to the 35 Gy in 10 
fractions scheme, patients were subsequently given 30 Gy in 10 to 12 
fractions because of excessive wound toxic effects at the higher 
dosage. The number of patients treated at the three institutions 
included 27 patients at the University of Virginia, 20 patients at the 
University of Calgary, and 17 patients at the University of Cincin- 
nati. The study was carried out during the period 1981 to 1987, during 
which approximately 125 to 130 patients with extremity sarcoma 
were seen. 


RESULTS 


There were 60 patients, 29 women and 31 men, with an 
average age of 48 years (range, 17 to 77 years). Seventeen 
tumors (28%) were in the upper extremity, and 43 (72%) were 
in the lower extremity. The tumor size was less than 5 em in 24 
patients (40%), 5.1 to 10 em in 15 patients (25%), 10.1 to 15 em 
in 13 patients (22%), and greater than 15 em in 8 patients 
(13%). Median follow-up was 56 months (range, 20 to 108 
months). 

Kighty-two percent of the patients had high-grade tumors 
(49 grade III); the remaining were grade II in 9 patients and 
grade I in 2 patients. Tumor stage according to AJCC was I (2 
patients), II (9 patients), III (89 patients), and IV (10 pa- 
tients). The breakdown was as follows: 


Stage No. (%) of Tumors 

IB 2 (8) 

IIA 3 (5) 

IIB 6 (10) 

IIIA 10 (17) 

IIIB 26 (44) $ 

ITIC 3 (5) 

IVA 8 (13) 

IVB 2 (3) 

Total 60 (100) 

Tumor type is shown below: 
Tumor Type No. (%) of Tumors 
Soft-tissue (n = 53) 
Liposarcoma 10 (17) 
Malignant fibrous histiocytoma 11 (18) 
Synovial sarcoma 12 (20) 
Fibrosarcoma 12 (20) 
Leiomyosarcoma 3 (5) 
Osteosarcoma (extraosseous) 3 (5) 
Epithelioid sarcoma 2 (3) 
Bone (n= 7) 

Osteosarcoma 5 (8) 
Chondrosarcoma 2 (3) 


The extent of tumor was as follows: the soft-tissue tumors 
(53 patients) were localized in 30 patients, extensively in- 
volved the posterior compartment in 8 patients, had nodal 
metastases in 4 patients, and invaded adjacent structures 
(artery, nerve, vein, or bone) in 11 patients; there were seven 
primary bone tumors. Primary surgery was done for locally 
recurrent or persistent tumor in 10 patients who had been 
previously operated on elsewhere. For practical purposes, 
these tumors were staged according to the AJCC staging 
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system, as all tumors had been locally recurrent or persi: 
in the extremity and were amenable to limb-salvage sur 
in most instances. 


Surgical Resection 


The goal of surgery after neoadjuvant therapy was t 
tain histologic-free margins. The therapeutic factors 
shown below: 


Therapy 
Irradiation, Gy 
30 


No. (%) of Patient 


26 (43) 
35 11 (18) 
45 1 (2) 
46 14 (23) 
50 2 (3) 
65 1 (2) 
66 1 (2) 
No irradiation 4 (7) 
Recurrent tumor from 
previous treatment 1 
Bone tumor 3 
Chemotherapy (adjuvant) 
Preoperative 60 
Postoperative 31 


In 30 patients, this goal was possible by removing 2 to 4 ¢ 
normal tissue, which we defined as a wide local excision.” 
patients, less than wide local excision was done, whict 
defined as excision with narrow margins. Here, the mar 
were less than 2 em but were microscopically clear. I 
patients, the tumor occupied the majority of the compartn 
or invaded bone, artery, or nerve, or originated from b 
where less than a 2-em margin was possible. Eight of t) 
latter tumors required posterior thigh compartment re 
tion where only the sciatic nerve could be preserved. ' 
required vascular resection and one had tumor involveme! 
bone and artery that required resection of bone with re 
struction. Two required bone resection with replacement 
extensive soft-tissue tumors. Regional lymph node resec 
was necessary in 5 patients, while 3 patients needed amp 
tion to obtain a free margin in the limb. A resection | 
pulmonary nodule was performed in 2 patients during 
course of therapy. Seven patients with a primary bone tui 
had reconstruction with an allograft or a prosthesis. 


Postoperative Chemotherapy 


Patients were offered postoperative chemotherapy if t 
were deemed to be at very high risk by their investiga 


Survival 
(=) 
gi 


0 10 20 30 40 50 60 70 80 
Death Time, mo 


Fig 1.—The overall survival of protocol patients at 60 months was ! 
(median follow-up, 56 months). Asterisk indicates censi 
observations. 
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_ been reasonably addressed by a variety of approaches using 


regional chemotherapy and radiation therapy, or irradiation 
given preoperatively or postoperatively, or irradiation given 
with brachytherapy. The need for improved chemotherapy to 
obtain distant control is essential, and we hope that such data 
will be forthcoming from current clinical trials. 
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) study into the possibility thé 
ship between the volume of surgical proc 
an institution and the mortality rate fc 
Few data have been accumulated, howe: 
surgical procedures performed by an ind 
tive to resource utilization and outcome. ’ 
hypothesis that the volume of surgical « 
performed by individual surgeons woulc 


to hospital costs. 
PATIENTS AND METH 


The Long Island Jewish Medical Center 
medical center in suburban New York, NY. ’ 
surgical patients (N = 2627) admitted with a 
patients who had cancer as a principal diagno 
from a surgical DRG) from January 1, 1985, t 
using our DRG “all payer system.” Standard | 
or length of stay) methods were used. All pa’ 
DRG into either low-volume surgeons, arb 
geons treating five or fewer patients in a par 
3-year period, or high-volume surgeons, arl 
geons treating eight patients or more ina pal 
period (2627 patients were in DRGs fitting 
categories were not mutually exclusive by 
Thus, surgeons could theoretically be placed 
for one DRG and another category Ge, high): 
two categories of high- and low-volume sur 
ture thresholds at the extremes of volumes. 
some surgeons into a medium-volume cat 
patients); however, the sample size was sma. 
tory analysis. 

The total number of surgeons for each cate 
high-volume) was tallied; however, an} 
counted only once in that category. There 1 
stantial differences in the number of patie 
high-volume surgeons (Table 1). In addition 
counted for most of our elective surgical one 

A number of parameters were analyzed fc 
ry, including, age, DRG weight index, nur 
geon, hospital length of stay, total hospital 
Ge, very costly patients), number of Intern 
Diseases, 9th Revision—Clinical Modifica 
sis codes, number of IC D-9-CM procedure ¢ 
ICD-9-CM codes, and mortality. Both the 
stay per patient and the mean total hospi! 
adjusted (ie, divided) by the DRG weight 
obtain a resource measure per unit of DRG. 

the analysis of variance (ANOVA) were us 
differences between groups of patients. In 
uct-Moment Correlation Coefficient analy 
hospital costs per patient/DRG weight in 
tients treated per DRG. a Ba 


Hospital costs per patient: were obtain 


ee ‘Surgical Oncology 













charge specific data and converting these charges to hospital costs. 
Cost-to-charge ratios used by our hospital accounting division were 
used to convert charges to costs. The ratios were developed by our 
Medicare cost accounting division, and use a stepdown allocative 
method to develop measures of expense. The following ratios were 
used for each hospital service category: room and board, 0.75; labora- 
tory, 0.40; blood (storage, processing, transfusion, and products), 
1.15; pathology, 2.42; diagnostic radiology, 0.94; therapeutic radiolo- 
gy, 1.71; operating room, 1.10; recovery room, 1.15; respiratory 
therapy, 0.76; electrocardiology, 0.25; electroencephalography, 1.40; 
medical supplies, 1.00; pharmacy, 1.00; diagnostic ultrasound, 0.46; 
computed tomographic scan, 0.53; emergency department, 0.91; and 
pulmonary function, 0.08. Thus, to obtain the hospital costs for a room 
and board charge of $100, the following calculation was performed: 
$100 x 0.75 = $75; for laboratory costs, $100 x 0.40 = $40; pathology, 
$100 x 2.42 = $242; and so on. However, costing methods in general 
are only modestly accurate at assessing the true cost for each hospi- 
talized surgical patient. 


RESULTS 


Total hospital costs for the 2315 nonemergency surgical 
oncology patients analyzed were $23 490 207; $10 554 148 for 
the 907 patients of low-volume surgeons and $12 936 059 for 


Table 1.—Resource Characteristics by Volume per Surgeon 
for Surgical Oncology Patients 


Mean + SD 
ee eV 
Low-Volume High-Volume 
Surgeons Surgeons 
(n=907) (n= 1408)* 





*P<.01 (from low-volume surgeons). 

tAdjusted by DRG weight index. 

Hospital cost per patient/DRG weight index/total number of International 
Classification of Diseases, 9th Revision—Clinical Modification (ICD-9-CM) 
codes per patient. 


10 








High Volume 
53.6% 





Outliers, % 


Low Volume 


34.5% 
0 


Fig 1.—High-volume surgeons admitted 
53.6% of patients with cancer compared with 
only 34.5% for low-volume surgeons; 11.9% 
of patients fit neither category. 
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the 1408 patients of high-volume surgeons. Low-volume sur- 
geons accounted for 34.5% of the total nonemergency admis- 
sions for the study period, and high-volume surgeons ac- 
counted for 53.6% of the total nonemergency admissions (Fig 
1). Thus, low- and high-volume physicians accounted for 
88.1% of the total nonemergency hospital surgical oncology 
admissions. 

Nonemergency patients of the 57 low-volume surgeons 
(1.5 patients per DRG for the period) had a mean DRG weight 
index of 2.0725, compared with 2.0523 for patients of the 
17 high-volume surgeons (16.2 patients per DRG for the 
period) (Table 1). The mean hospital length of stay per patient 
(adjusted for DRG weight index) was 7.58 days for low- 
volume surgeons compared with 5.76 days for high-volume 
surgeons (P<.01). The mean total hospital cost per patient 
(adjusted for DRG weight index) was $6111 for low-volume 
surgeons compared with $4905 for high-volume surgeons. 
The mean total hospital cost per patient (adjusted by both 
DRG weight index and the total number of ICD-9-CM codes, 
as a proxy for severity of illness) was $1009 for low-volume 
surgeons compared with $954 for high-volume surgeons. The 
financial position from DRG “all payer” payment was a $1009 
loss per patient for low-volume surgeons compared with a 
$954 profit per patient for high-volume surgeons (P<.01). 
Outliers (financially risky patients) were greater for patients 
of low-volume surgeon compared with patients of high-vol- 
ume surgeons (P<.01) (Fig 2). 

Thus, patients of low-volume surgeons had a longer hospi- 
tal stay and higher hospital costs, after adjustment for both 
DRG weight index and a severity measure, and generated 
substantial financial risk, compared with patients of high- 
volume surgeons. Pearson’s Product-Moment analysis dem- 
onstrated a correlation coefficient for the cost per pa- 
tient/DRG weight index vs the number of patients of .29 
(P<.0001). Thus, as the number of patients per surgeon 
increased, hospital costs declined. 

Nonemergency patients of low-volume surgeons were 
younger (mean age, 57.7 years) than patients of high-volume 
surgeons (mean age, 62.4 years) (P<.01) (Table 2). Nonemer- 
gency patients of low-volume surgeons had a greater number 
of ICD-9-CM diagnosis codes (P<.01) and [CD-9-CM proce- 
dure codes (P<.01), compared wtih nonemergency patients 
of high-volume surgeons. The mortality for patients of low- 
volume surgeons was 4.3%, compared with 1.3% (P<.01) for 
patients of high-volume surgeons. 





Nonemergencies 


Fig 2.—Outliers were higher for patients with cancer of low-volume surgeons (black bar) 
compared with those of high-volume surgeons (hatched bar). 
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| Table 2.— Severity of Illness, Age, and Mortality by 
Surgical Volume for Surgical Oncology Patients 


Mean+SD 
Re 


Low-Volume High-Volume 
Surgeons Surgeons 


57.7+19.7 62.4 + 15.3* 
2.26 + 2.24 1.90 + 1.62* 
2.21+1.85 2.13+ 1.72 
4.47+3.64 4.03 + 3.00* 
4.3+20.3 1.3211.5* 


Category 





No. of ICD-9-CM diagnosis codest 
No. of ICD-9-CM procedure codest 


Total No. of /CD-9-CM codest 
Mortality, % 


*P<.01 (from low-volume surgeons). 
tAdjusted by diagnosis related group weight index. /CD-9-CM indicates 
International Classification of Diseases, 9th Revision—Clinical Modification. 


COMMENT 


This project tested the hypothesis that hospital resource 
consumption per patient would be inversely related to the 
volume of surgical oncologic procedures performed by each 
surgeon. Our data demonstrated that patients of higher- 
volume surgeons had lower hospital costs and a shorter hospi- 
tal stay compared with patients of lower-volume surgeons. 
Under the system of DRG prospective hospital payments, 
patients of higher-volume surgeons generated profits, where- 
as patients of lower-volume surgeons generated losses. Low- 
er-volume surgeons had higher hospital costs per patient, 
even after correction for case mix and a severity proxy, 
compared with higher-volume surgeons. Pearson’s Product- 
Moment Correlation Coefficient suggested a statistically sig- 
nificant relationship for hospital cost vs the number of pa- 
tients per physician (ie, decreasing hospital costs with an 
inereasing patient volume per physician). These findings are 
new and will need to be studied further, but if duplicated at 
other hospitals they may have significant surgical health 
policy and payment ramifications in the future. 

There are two significant points to consider regarding this 
study. First, American surgical health care payers and hospi- 
tals are building the data communication infrastructure to 
perform analyses such as that presented here. Second, the 
reasons for these findings are most certainly multifactoral. 
Additional analyses will need to be performed that confirm or 
refute this hypothesis and provide the reasons for such find- 
ings. We arbitrarily defined our cutoffs for high- and low- 
volume surgeons. For our hospital, a good “split” was ob- 
tained at five and eight patients per DRG for the period. We 
could not arrive at a medium category; thus, we analyzed the 
extreme volumes. Much greater analysis will be needed to 
determine the thresholds for different surgical procedures. 
This level could be defined, however, at any point along the 
continuum of volume of procedures per physician. 

Our hospital has both full-time salaried surgeons (who work 
at only one hospital) and part-time private practice surgeons 
(who may work at a number of hospitals). Thus, our analysis 
could have inadvertently grouped a private practice surgeon 
into the low-volume category. However, if that surgeon had 
the same activity at 10 hospitals, he or she may, in fact, be a 
high-volume surgeon in the aggregate. Nonetheless, the 
study suggests that our hospital may be financially unattrac- 
tive to this type of lower-volume surgeon. Databases are 
coming on line that could further analyze these and other 
questions. In addition, there is a movement to link both 
hospital cost data and surgeon and other physician payment 
data, which should allow further study of some of the ques- 
tions raised here. 

Although there are relatively few data regarding the vol- 
ume of procedures by an individual surgeon and its relation- 
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ship to outcome or cost, there have been studies of volume and 
outcome on an institutional level. *™* Many of these studies 
have shown a strong inverse relationship between institution- 
al surgical volume and patient outcome." A variety of vari- 
ables, including volume, have been examined. These include 
hospital size, board certification of the surgeon, affiliation 
with a medical school, and even medical staff organization.” It 
has been suggested that some procedures should be regional- 
ized to improve patient outcomes.” For at least one proce- 
dure (coronary artery bypass graft) this relationship has been 
shown to exist for both emergency and nonemerency admis- 
sions.” Many of these variables may be involved to one degree 
or another, and much more study will be required to sort out 
these possible factors. 

An interesting policy problem involves the total health care 
costs for the episode of hospital care (or surgery), the compo- 
nents of inpatient vs outpatient costs, and how this might 
relate to surgeon volume. For example, it could be argued 
that higher-volume surgeons performed diagnostic studies at 
outpatient facilities (sometimes managed by the surgeon) and 
that lower-volume surgeons may not have access to the same 
facilities. This hypothesis may or may not be true, could 
further affect our findings, and will need further study. 

Patients of low-volume surgeons were more severely ill 
compared with patients of high-volume surgeons, using our 
proxy of the total number of JCD-9-CM diagnosis and proce- 
dure codes. Thus, these findings may be due totally or in part 
to severity of illness differences for the groups. When correct- 
ing for DRG case mix and illness severity, however, low- 
volume surgeons still had higher costs compared with high- 
volume surgeons. This question should be further studied. 
We also analyzed only elective surgical oncologic admissions; 
emergency admissions requiring surgical oncologic proce- 
dures will need to be analyzed along these lines. 

The world of surgical health policy is undergoing very rapid 
and dynamic change. Federal, state, and private bureaucra- 
cies are changing payments and methods of payment for 
inpatient, outpatient, and surgeon reimbursement. These 
systems will drive surgical care provision for years to come. 
Surgeons will need to take a proactive stand in the health 
policy debate of the future. Our study suggests that the 
dynamics of hospital cost accrual by individual surgeons may 
be affected by individual surgical volume. The surgical and 
health policy bureaucracy is sure to analyze further these 
findings. Costs, quality, and the volume of surgical proce- 
dures could have a significant impact on the direction of 
surgical practice in the future. 


The authors would like to acknowledge the editorial critique and encourage- 
ment in health policy analysis of the late Ira M. Teicher, MD, director of 
Surgical Education, Long Island Jewish Medical Center, and fellow and gover- 
nor of the American College of Surgeons; James Moyer of the Division of 
Management Information Systems and the DRG Task Force at the Long Island 
Jewish Medical Center; and Christina Weiss for preparing the manuscript. 
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Invited Commentary 


In dealing with the important and highly sensitive subjects of 
surgeon performance, Munoz et al have isolated surgeon volume 
as the parameter to quantitate operative mortality and hospital 
costs. They suggest that an inverse relationship exists between 
patient volume and outcome (high volume equals lower mortality 
and cost; low volume equals higher mortality and cost), although 
with the significant caveat that “these findings may be due totally 
or in part to severity of illness differences” since more severely ill 
patients were in the low-volume arm. 

Since this study has important implications, one would have 
liked to have seen more specificity about the mix of operations 
studied and their respective mortality rates, rather than an over- 
all cumulative average mortality, since it is possible that signifi- 
cant variations in the number of high-risk vs low-risk operations 
may have existed between the two study groups. A further short- 
coming, as the authors acknowledge, is that a “low-volume” sur- 
geon may in reality be a “high-volume” surgeon since only the 
work at the authors’ hospital was tabulated. Furthermore, it 
is important to bear in mind that the terms high (eight or 
more operations for a specific condition in a 3-year period 
or =2.7/y) and low (five or fewer operations or <1.7/y) are neces- 
sarily quite arbitrary, and only serve as general reference points. 
Indeed, one might question whether doing a demanding operation 
2.7 times a year constitutes high volume. 

Although some discretion is perhaps warranted in literally 
accepting the authors’ conclusions, a number of other studies have 
shown a similar correlation. Particularly important is a recent 
comprehensive and well-constructed study by Hannan et al,” 
which lends significant support to their thesis. Hannan et al 
looked at a core of 16 operations (rather than at a core of oncologic 
diagnoses and their attendant surgeries as in the study by Munoz 
et al), using statewide New York data from 1986 and tabulating 
mortality as a function of both surgeon and hospital volume. They 
concluded that significantly lower mortality was associated with 
high-volume surgeons for six of the procedures: coronary bypass, 
abdominal aortic aneurysmectomy, partial gastrectomy, colec- 
tomy, and, marginally, cholecystectomy. Furthermore, surgeon 
volume was a more significant determinant of outcome than hospi- 
tal volume, with the exception of cholecystectomy. 

An article by Condie,~ although not addressing volume per se, 
illustrated the impact of low volume on a complex operation. He 
reported a 44% mortality for Whipple's operation in a large com- 
munity hospital where a relatively small caseload was distributed 
among a number of surgeons. A similar association has also been 
seen with certain other complex operations (eg, major hepatic 
resection). 

That there may well be a correlation between outcome and 
surgeon volume should not be surprising. One would certainly 
expect broad agreement among surgeons with the thesis that the 
more one performs a given operation the more technically facile, 
judgmentally precise, and postoperatively wise one becomes. 
Apropos of this, and in recognition of the very real learning curve 
in surgery, the American Board of Surgery has defined a thresh- 
old number of specific operations that should be performed by 
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residents in general surgery. Nevertheless, it is important to 
emphasize that volume, while important, is not the sole variable in 
outcome. Such other factors as quality and scope of one’s residen- 
cy training, individual variations in technical and decision-making 
expertise, postoperative care acumen, patient age and associated 
illness, tempo and quality of one’s continuing education, adequacy 
of anesthesia and hospital facilities, intensity and quality of mean- 
ingful peer review, and individual variations in what constitutes 
“adequate volume” for trained surgeons are among these other 
variables. 

What are the broader implications of studies dealing with a 
surgeon's performance? Can surgical audits reliably predict per- 
formance? Should data on cost, surgical experience, morbidity, 
and mortality (the surgical equivalents of baseball’s earned run 
average and runs batted in) be on the public record and influence 
health care policy? In the brave new world of health policy, the 
demand for greater accountability by government and other 
health care payers, as well as the public, will undoubtedly lead to 
many new initiatives. Already, several states are collecting sur- 
geon and hospital performance data, and in California a minimum 
annual hospital caseload for coronary bypass surgery is part of the 
state’s hospital licensure requirements. Munoz et al, in stating 
that the DRG prospective payment system may provide disincen- 
tives for low-volume surgeons, is euphemistically saying that 
future health care contracting may relate to economic imperatives 
tied to surgeon performance. 

Another implication of interpreting outcome as a function of 
volume is the possibility of further fragmenting the core of general 
surgery. That is, that breast cancer will be managed by “breast 
surgeons,” thyroid problems by “thyroid surgeons,” gastrointes- 
tinal cancer by “surgical oncologists,” and that common surgical 
conditions well within the scope of the well-trained general sur- 
geon will increasingly be directed to tertiary care centers. One of 
the great achievements of American surgery has been the cre- 
ation of the accredited residency program, which has provided the 
nation with a continuum of competent general surgeons capable of 
handling a defined scope of surgery. To further fragment and 
weaken this system would be detrimental in a number of ways and 
would adversely reflect on the very tertiary care centers that 
have trained these surgeons. 

Nothing is more sensitive or crucial to a surgeon than questions 
relating to his or her performance. Thus, it is imperative that 
statistical studies attempting to evaluate surgical performance be 
constructed with great care, integrity, and objectivity, and that 
they scrupulously avoid being self-serving to any institution, 
group, or specialty. They must also be done with the recognition 
that a multitude of factors are involved in surgical outcome, many 
of which cannot be controlled for in trials. Consequently, simplis- 
tic conclusions that justify new health care policy may not be 
possible. 


JOSEPH A. IGNATIUS, MD 
Los Altos Hills, Calif 
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Segmental Mastectomy Without Radiotherapy 


for T1 and Small T2 Breast Carcinomas 


Frederick L. Moffat, MD, FRCSC; Alfred S. Ketcham, MD; David S. Robinson, MD; 
Adrian Legaspi, MD; Latifa Ghandur-Mnaymneh, MD; Susan Hilsenbeck, MS 


è We describe 111 patients with invasive breast cancer treated 
by segmental mastectomy at the University of Miami (Fla) since 
1975. Postoperative adjuvant radiotherapy was recommended as 
optional rather than mandatory to 64 of these patients based on 
small (2.5 cm or less) primary tumor size, adequate resection 
margins, no lymphatic or vascular invasion within the segmental 
mastectomy specimen, and minimal associated in situ cancer. 
Fifty-one of these patients elected to forego postoperative adju- 
vant radiotherapy. At 72 months median follow-up, relapse oc- 
curred in the ipsilateral breast in three patients who elected to 
forego postoperative adjuvant radiotherapy (6% by Kaplan-Meier 
analysis). Retrospective pathologic review revealed that tumor 
grade may also be important in determining whether postopera- 
tive adjuvant radiotherapy is necessary following segmental 
mastectomy. These data suggest that postoperative adjuvant 
radiotherapy may not be required in every patient treated by 
segmental mastectomy. Further studies to define which patients 
can be spared the inconvenience, expense, and potential mor- 
bidity of postoperative adjuvant radiotherapy are warranted. 

(Arch Surg. 1990;125:364-369) 


C onservative surgery is now acceptable treatment for 
breast adenocarcinomas of small to moderate size. *? Dis- 
ease-free, distant disease-free, and overall survival are not 
compromised by the practice of segmental mastectomy 
(SM).™ Furthermore, recurrence of tumor in the ipsilateral 
breast following SM does not appear to affect survival ad- 
versely.” The cosmetic superiority of SM over total mastec- 
tomy makes this procedure attractive to many patients with 
early breast cancer. 

Postoperative adjuvant radiotherapy (XRT) following SM 
is effective in reducing the incidence of tumor relapse in the 
ipsilateral breast.**** Analysis of the National Surgical Adju- 
vant Breast Project B-06 trial at 8 years revealed a local 


Accepted for publication December 17, 1989. 

From the Division of Oncology, Department of Surgery (Drs Moffat, Ket- 
cham, Robinson, and Legaspi), the Department of Pathology (Dr Ghandur- 
Mnaymneh), and the Sylvester Comprehensive Cancer Center Division of 
Epidemiology and Biostatistics (Ms Hilsenbeck), University of Miami (Fla). 

Presented at the annual meeting of the Society of Surgical Oncology, San 
Francisco, Calif, May 24, 1989. 

Reprint requests to Department of Surgery (R-310), Division of Oncology, 
University of Miami School of Medicine, PO Box 016310, Miami, FL 33101 (Dr 
Moffat). 


364 Arch Surg—Vol 125, March 1990 


recurrence rate of 39% in patients randomized to SM without 
XRT, as compared with only 10% in the SM plus XRT group. 
This study included patients with primary cancers of up to 
4cm. In all cases, the margins of resection were free of tumor, 
although there was no specified minimum surgical margin. 

While there is little doubt that XRT abrogates the risk of 
local recurrence in patients with breast cancer undergoing 
SM, it is less certain that all such patients require XRT. 
Moreover, the potential for adverse effects with this thera- 
peutic approach must be considered. Whereas surgery or 
XRT alone produces almost uniformly excellent cosmetic re- 
sults, surgery combined with ionizing radiations may result in 
substantially increased scarring, fibrosis, and deformity in 
treated breast tissue, particularly in overweight or large- 
breasted women. This may impede long-term surveillance 
of the affected breast." Radiation-related carcinogenesis, 
particularly in the contralateral breast, is of at least theoreti- 
cal concern as well.” 

Since 1975, SM with or without XRT has been used to treat 
early infiltrating adenocarcinomas of the breast at the Uni- 
versity of Miami (Fla). Postoperative adjuvant radiotherapy 
was recommended to patients as optional or mandatory on the 
basis of four pathological criteria. The treatment results at a 
median follow-up time of 72 months are reported here. 


PATIENTS AND METHODS 
Patients and Treatment Selection 


From May 1975 to June 1986, 221 private patients underwent 
surgery for adenocarcinoma of the breast at the University of Miami/ 
Jackson Memorial Medical Center (UM/JMMC) under the care of one 
surgeon (A.S.K.). These patients were exclusive of those submitted 
to multicenter randomized clinical protocols. Ninety-nine of these 
patients were treated by total mastectomy because they chose this 
procedure instead of SM, because of advanced locoregional disease, 
or because SM would not have resulted in a cosmetically acceptable 
breast. 

The remaining 122 patients underwent SM for their breast cancers. 
Eleven were excluded from analysis, 4 because of unavailability for 
follow-up, 3 because of distant metastases at diagnosis, 2 because 
completion mastectomy was required due to tumor involvement of 
the SM resection margins, 1 because of a previous breast cancer, and 
1 because of previous thoracic XRT for Hodgkin’s disease. 

All but 5 of the 111 analyzed patients underwent axillary lympha- 
denectomy. Medical risk was prohibitive in 4 patients, and 1 patient 
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refused lymphadenectomy. Postoperative adjuvant tamoxifen ci- 
trate (a 2-year course) and/or cytotoxic chemotherapy (usually six 
cycles of a regimen of cyclophosphamide, methotrexate, and fluoro- 
uracil) were administered to patients with axillary metastases as 
indicated by their age, menopausal status, and hormone receptor 
data. 

Postoperative adjuvant breast radiotherapy was presented as op- 
tional rather than mandatory to patients with small primary tumors 
(2.5 cm or less in greatest dimension); clear SM surgical resection 
margins (preferably 1.0 cm or more from tumor); no vascular, lym- 
phatic, or perineural invasion within the SM specimen; and minimal 
(<25% of the tumor area) associated in situ carcinoma (usually duc- 
tal). These criteria were met in 64 patients; 51 chose observation only 
(NXRT), while 13 elected to have XRT (EXRT). In the remaining 
47 patients, XRT was considered mandatory (MXRT) because one 
(29 patients) or two (18 patients) of the above criteria were not met. 
Thirty-eight patients complied with this recommendation. The 
9 patients who refused XRT (RXRT) did so because of fear of radia- 
tion-related carcinogenesis (6 patients), concern about the risk of 
adverse effects from XRT (5 patients), the inconvenience of 4 to 6 
weeks of daily XRT treatments (4 patients), and the expense of XRT 
(1 patient). 

Patients have been examined quarterly for 5 years, then once or 
twice yearly thereafter. Liver function and carcinoembryonic anti- 
gen assays were done semiannually for 5 years and then yearly. 
Mammography, chest roentgenography, and bone scans were per- 
formed at least annually. 


Local Recurrence and New Ipsilateral Primary Cancer 


Local recurrence (relapse of the original or index cancer within the 
ipsilateral breast) was defined as cytologically or histologically 
proved disease found within the SM scar or the quadrant of the breast 
in which the index cancer had arisen. When cancer was found in 
another quadrant, more than 5 em from the SM scar, or when it 
presented as Paget’s disease and a subareolar mass in a patient with a 
peripheral index lesion, it was considered a new primary cancer. 
Additional features considered supportive of new primary disease as 
opposed to recurrence included associated in situ carcinoma or an 
extended time interval between treatment of the index cancer and 
detection of further neoplasia. 


Retrospective Pathological Review 


Histologic tumor grade is a risk factor for adverse treatment 
outcome in breast cancer.” Tumor grade was infrequently specified 
at the time of treatment and therefore was not used in making 
recommendations about XRT. To assess the effect of grade on local 
recurrence, histological material from index carcinomas, local recur- 
rences, and new ipsilateral primary cancers was reviewed by a pa- 
thologist (L.G.-M.) who was “blinded” with respect to patient selec- 
tion, treatment, and outcome. Histologic grade was determined by 
the method of Bloom and Richardson.” 


Surgical Procedure 


The diagnosis of breast cancer was established by aspiration cytol- 
ogy or trocar-needle biopsy in 36 patients and by open biopsy in the 
remainder. Segmental mastectomy consisted of wide resection of the 
tumor mass or biopsy site with normal tissue margins of 1 cm or more 
in the surgeon’s estimation. A narrow ellipse of skin encompassing 
the preoperative biopsy scar or needle puncture wound was excised 
en bloc with the breast specimen, and the margins were identified 
with sutures. The fresh specimen was immediately examined grossly 
by a pathologist, the closest margin of resection was measured, and 
frozen sections of all margins were examined microscopically. When a 
margin was close to or involved by cancer, more tissue was removed 
from the site in question in the patient’s breast, and the new margin 
was measured in the fresh state and examined microscopically. In all 
patients, the intraoperative pathologic report indicated that their 
tumors had been widely excised. However, carcinoma was found in 
close proximity (0.5 em or less) to one or more margins of resection on 
permanent tissue sections in 22 patients. 

In patients with upper outer quadrant cancers, axillary lympha- 
denectomy was performed through the SM incision. This was other- 
wise done through a separate axillary incision, removing all lymph 
node-bearing tissue lateral to Halsted’s ligament and inferior to the 
axillary vein. The coracoid insertion of pectoralis minor was divided 
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in a few patients to facilitate dissection of the apical and medial 
axillary nodes. The interpectoral (Rotter’s) nodes were also resected. 
The long thoracic, thoracodorsal, lateral, and medial pectoral nerves 
were preserved as were one or more intercostobrachial nerves when 
circumstances permitted.” A 10-mm Jackson-Pratt closed-suction 
drain was left until postoperative drainage fell below 30 mL per 
24 hours. 


Radiotherapy 


Fifty of the 51 patients who underwent irradiation were treated by 
16 radiotherapists at eight institutions (including UM/JMMC) in 
south and southwest Florida. The remaining patient was treated in 
New York, NY. Patients received 46- to 50-Gy megavoltage 
(43 patients) or cobalt 60 (8 patients) external beam radiation to the 
involved breast through medial and lateral tangential fields in con- 
ventional 1.8- to 2-Gy fractions starting 4 to 5 weeks after surgery. In 
12 patients, no further radiation was administered. Twenty-seven 
patients received an external beam XRT boost (5 to 16 Gy) and 
9 patients an interstitial iridium 192 boost (14 to 20 Gy) to the SM site. 
Four patients received 46- to 50-Gy megavoltage therapy to the 
internal mammary lymphatics, 10 patients received similar XRT to 
the supraclavicular lymph nodes, and both nodal groups were irradi- 
ated in 10 patients. Six patients, all of whom had axillary lymphaden- 
ectomy, received 46- to 50-Gy megavoltage or cobalt 60 XRT to the 
axilla. 


Assessment of Cosmetic Results 


Cosmetic outcome was assessed using the criteria of Beadle et al” 
modified as follows. Results were recorded as good to excellent, fair, 
or poor. A fair result denoted dimpling, nipple retraction or devi- 
ation, marked hyperpigmentation or telangiectasia, and/or moderate 
breast induration. A poor outcome consisted of permanent arm ede- 
ma and/or severe deformity and woody induration of the breast. 


Analysis 


Overall survival and the incidence of local recurrence at 5 years 
were estimated by the Kaplan-Meier method. 


RESULTS 


Demographic and pathological data are shown in Tables 1 
and 2. 


Follow-up and Survival 


These data are given in Table 3. Forty-one of the 51 
patients in the NXRT group have been followed up for 5 years 


Table 1.—Clinical Characteristics of 111 Patients With Breast 
Cancer Treated by Segmental Mastectomy* 


NXRT  EXRT 
(n=51) (n=13) 


MXRT RXRT 


Characteristic (n=38) (n=9) 


Age, y 
Mean+SD 


Median 


61+13 54+12 52+11 62+12 


32-83 32-72 34-71 44-81 


Menopausal status, 
No. of patients 
Premenopausal 


Perimenopausal/ 
postmenopausal 


Quadrant of breast in which 
index cancer arose, 
No. of patients 
Upper outer 


Upper inner 
Lower outer 


Lower inner 
*NXRT indicates patients who chose observation only; EXRT, patients who 
elected to have postoperative adjuvant radiotherapy; MXRT, patients in whom 


postoperative adjuvant radiotherapy was considered mandatory; and RXAT, 
patients who refused postoperative adjuvant radiotherapy. 
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Table 2.—Pathological Characteristics in 111 Patients With 
Breast Cancer Treated by Segmental Mastectomy* 


No. of Patients 









NXRT EXRT MXRT RXRAT 
(n=51) (n=13) (n=38) (n=9) 






Characteristic 


Tumor histologic type 
infiltrating ductal 
Unspecified type 35 


Tubular 7 
Medullary 2 
Colloid 2 
Papillary 3 
0 
2 










Comedo 
infiltrating lobular 


Size of primary tumor, cm 
Mean+SD 


Median 






—~;=—-|O/;/oO]/O/]W]o 
Oro ra;1o; elo) 0 
















1.5 2.0 
1.0-2.2 0.7-4.0 


2.0 
1.0-5.0 






0.5-2.5 













Tumor stage 
T1, NO 34 7 12 1 
T1, N1 11 5 6 2 
T1, NXt 2 0 1 2 
T2, NO 4 0 6 2 
T2, N1 0 1 12 2 
T2, N2 0 0 1 0 


Estrogen and progesterone 
receptor status 
One or both receptors 
positive 
Neither positive 
Not available 
Surgical margins 
=0.5 cm 
0.6-0.9 cm 





















Tumor grade by retrospective 








analysis 
Low (well differentiated) 25 6 9 0 
Intermediate 14 1 18 5 
High (poorly differentiated) 7 4 10 3 
Not available 1 





*NXRT indicates patients who chose observation only; EXRT, patients who 
elected to have postoperative adjuvant radiotherapy; MXRT, patients in whom 
postoperative adjuvant radiotherapy was considered mandatory; and RXRT, 
patients who refused postoperative adjuvant radiotherapy. 

TNX means axillary dissection was not done, so no pathological data were 
available. 


or longer, and only 5 have been followed up for less than 
48 months. Overall 5-year survival by Kaplan-Meier analysis 
was 94% for patients in the NXRT group, 83% for patients in 
the EXRT group, 85% for patients in the MXRT group, and 
53% for patients in the RXRT group. 


Tumor Relapse in the Ipsilateral Breast 
(Local Recurrence) 


There have been eight local recurrences (three NXRT, two 
MXRT, and three RXRT patients), all within or adjacent to 
the SM scar (Table 4). These were diagnosed 9 to 48 months 
(median, 21.5 months) after treatment of the index cancer. 
Five-year local recurrence rates by Kaplan-Meier analysis for 
NXRT, MXRT, and RXRT groups are 6%, 7%, and 33%, with 
95% confidence interval estimates of 0% to 13.5%, 0% to 
15.5%, and 3% to 64%, respectively. 
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Metachronous Primary Cancers 


New ipsilateral primary cancers have developed in two 
NXRT patients (at 62 and 90months) and one MXRT patient 
(35 months) (Table 5). The new lesion was remote from the 
SM site and quadrant in both patients in the NXRT group and 
associated in situ disease was present. In the patient in the 
MXRT group, the index cancer was peripheral whereas the 
second lesion presented as Paget’s disease with a subareolar 
infiltrating ductal cancer. 

Two patients in the NXRT group and one in the MXRT 
group with infiltrating ductal carcinoma developed contralat- 
eral infiltrating ductal lesions at 30, 49, and 39 months’ follow- 
up, respectively. 


Retrospective Pathologic Review of Tumor Grade 


The index cancer had been high grade (poorly differenti- 
ated) in 7 of the 8 patients with local recurrences. Of 102 
patients for whom histologic material was available, only 24 
had high-grade index cancers. One of the 3 patients with new 
ipsilateral primary cancers had had a high-grade index 
cancer. 


Surgical Morbidity 


There were no intraoperative or perioperative mortalities 
among the analyzed or excluded patients, or the 99 patients 
who underwent total mastectomy. Two patients (1 NXRT 
and 1 MXRT) developed wound infections. Eleven patients 
(6 NXRT, 5 MXRT, and 1 RXRT) required percutaneous 
drainage of axillary seromas. Seven patients developed ipsi- 
lateral arm lymphedema: in 2 NXRT patients and 1 MXRT 
patient this was transient and did not recur; in 1 NXRT 
patient and 2 MXRT patients the lymphedema has been well 
controlled without external compression stockings; and in the 
remaining patient (MXRT group) the lymphedema has been 
poorly controlled and complicated by recurrent cellulitis. This 
patient received XRT to the axillary, supraclavicular, and 
internal mammary nodal areas. 


Radiation-Related Morbidity 


Moist desquamation developed in seven patients, esophagi- 
tis and pharyngitis in two patients, and pneumonitis in one 
patient during therapy; these resolved uneventfully. Persis- 
tent hyperpigmentation of the irradiated skin developed in 
11 MXRT and three EXRT patients and was marked in three. 
Cosmetically significant telangiectasia occurred in one 
MXRT and one EXRT patient. Fibrotic subcutaneous nodu- 
larity developed on the medial chest wall in one MXRT pa- 
tient due to overlapping of the tangential breast fields with 
the internal mammary portal. 


Cosmetic Outcome 


The cosmetic results in all treatment groups were generally 
satisfactory, and patients were pleased with their appear- 
ance. By physician assessment, there were four fair results 
(7.8%) in the NXRT group and three fair results (23.1%) in the 
EXRT group. There were nine fair (23.6%) and two poor 
(5.3%) results in the MXRT group. Two RXRT patients had 
fair results (22.2%). 


COMMENT 


Patients treated by breast-conserving surgery fare no 
worse in terms of survival and distant dissemination of dis- 
ease than do women subjected to total or radical mastecto- 
my. Postoperative adjuvant radiotherapy to the affected 
breast greatly reduces the incidence of subsequent local tu- 
mor recurrence in the breast.*”**** However, relapse in the 
breast following conservative excision does not prejudice 
survival provided it is promptly treated, usually by comple- 
tion mastectomy.” 


Segmental Mastectomy — Moffat et al 


| Table 3.—Current Status of Patients* 


NXRT EXRT MXRT RXRT 
Status (n=51) (n=13) (n=38) (n=9) 
Alive, no evidence of disease 
No. of patients 39 9 27 5 
Median follow-up/survival time (range), mo 72 (36-115) 66 (47-82) 70 (35-101) 52 (48-101) 
Alive with metastases 
No. of patients 0 1 3 0 
Follow-up/survival time, mo 62 46, 48, 74 
Dead of disease 
No. of patients 5 3 6 3 
Follow-up/survival time (range), mo 43t (36-89) 21, 54, 67 34t (16-62) 36, 53, 53 
Dead of intercurrent disease 
No. of patients 7 0 2 1 


Follow-up/survival time (range), mo 37t (8-75) 





*NXRT indicates patients who chose observation only; EXRT, patients who elected to have postoperative adjuvant radiotherapy; MXRT, patients in whom 
postoperative adjuvant radiotherapy was considered mandatory; and RXRT, patients who refused postoperative adjuvant radiotherapy. 
tNumber represents median follow-up/survival time. 


Table 4.—Local (Breast) Recurrences of the Original Primary Cancer* 


Primary Stage and 
Radiotherapy Menopausal Tumor ER/PR Status Time of Local 
Group/Patient No. Age, y Status Size, cm of Primary Tumor Recurrence, mo 


NXRT/11 
NXRT/13 
NXRT/37 
MXRT/3 
MXRT/11 
RXRT/3 
RXRT/4 


Premenopausal 

Postmenopausal 
Postmenopausal 
Premenopausal 

Postmenopausal 
Postmenopausal 
Postmenopausal 


T1, NO, ER—/PR— 
T1, NO, ER+/PR+ 
T1, N1, ER—/PRt 
T1, NO, ER +/PR + 
T2, N1, ERt/PRt 
T1, NX, ER+/PR— 
T1, NO, ER+/PR— 
T2, N1, ER+/PR-— 


DOD 38 mo 
NED 72 mo 
NED 98 mo 
NED 60 mo 
D(l) 123 mo 
NED 51 mo 
NED 48 mo 
DOD 53 mo 





RXRT/5 Postmenopausal 


*The histologic type of the index and recurrent tumors was infiltrating ductal carcinoma of unspecified type (no special histologic features) in all cases. In all 
patients except RXRT group patient 3, the original primary cancer was found to be high grade (poorly differentiated) on retrospective review; the index cancer in 
RXRT group patient 3 was intermediate grade. ER indicates estrogen receptor; PR, progesterone receptor; NXRT, patients who chose observation only; minus 
sign, negative; DOD, dead of disease; plus sign, positive; NED, no evidence of disease; MXRT, patients in whom postoperative adjuvant therapy was considered 
mandatory; D (l), dead of intercurrent illness; and RXRT, patients who refused postoperative adjuvant radiotherapy. 

tReceptor information was not available. 

NX means axillary dissection was not done, so no pathological data were available. 


Table 5.—New Primary Cancers in the Ipsilateral Breast* 


Stage and Time of Histologic ER/PR 
Radiotherapy Index Histologic ER/PR Diagnosis Type/Grade Status of 
Group/ Cancer Type/Grade Status of of Second of Second Second 
Patient Age, Menopausal Size, of Index Index Primary Primary Primary Current 
No. y Status cm Cancer Cancer Cancer, mo Cancer Cancer Status 


NXRT/14 63 Postmenopausal 1.0 Lobular/ T1, NO, ER+/PR+ 90 Lobular/ ER+/PR+ NED 106 mo 


intermediate intermediate 


NXRT/36 34 Premenopausal 1.0 infiltrating T1, NO, ERT/PRT 62 infiltrating ERt/PRt NED 94 mo 
ductal/ ductal/ 
intermediate intermediate 


MXRT/19 34 Premenopausal 2.4 infiltrating T2, N1, ER—/PR+ 35 infiltrating ER-—/PR— NED 58 mo 
ductal/ ductal/ 
high grade high grade 
with Paget's 
disease 





*ER indicates estrogen receptor; PR, progesterone receptor; NXRT, patients who chose observation only; plus sign, positive; NED, no evidence of disease; 
MXRT, patients in whom postoperative adjuvant therapy was considered mandatory; and minus sign, negative. 
tReceptor information was not available. 
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Our results suggest that careful patient selection may re- 
sult in a substantial reduction in the incidence of ipsilateral 
breast relapse following SM without XRT. They support the 
hypothesis that XRT need not automatically be mandated 
whenever breast-conserving surgery is performed for breast 
cancer. Viewed from a different perspective, the beneficial 
effect of XRT on the incidence of local recurrence has permit- 
ted more liberal use of partial mastectomy (for instance, in 
patients with 3- to 4-cm cancers) than might otherwise be 
reasonable. It does not necessarily follow that XRT must be 
prescribed for every patient with breast cancer undergoing 
SM. 

We propose that there are patients for whom the risk of 
tumor relapse in the ipsilateral breast following SM is suffi- 
ciently low to justify omission of radiotherapy. Because local 
recurrence does not affect survival, it is not essential that the 
local recurrence rate in patients treated by SM alone be as low 
as that in patients undergoing irradiation. Clark et al’ have 
ventured the opinion that a 10-year local recurrence rate of 
20% would be acceptable. Our experience suggests that care- 
ful patient selection can result in a much lower incidence of 
local relapse. 

Further ipsilateral breast neoplasia following SM repre- 
sents either recurrence of the index cancer or the develop- 
ment of new primary disease that was occult or not yet 
present when the index lesion was treated. Relapses of the 
former type usually occur within or close to the SM operative 
site, and most are diagnosed within the first 5 years of follow- 
up.” Very few true recurrences of the index primary cancer 
are diagnosed later than 10 years after SM.””* By compari- 
son, metachronous ipsilateral primary cancers often arise in 
sites distant from the quadrant in which the index cancer 
arose. These lesions tend to present later than 5 years follow- 
ing SM, at a rate of approximately 1% per annum.”” They 
may be manifestations of the same biological process underly- 
ing the development of metachronous contralateral breast 
eancer. It is unclear whether XRT abrogates the risk for a 
second ipsilateral breast cancer. However, neither pattern of 
ipsilateral breast relapse appears to influence prognosis. ””” 

In light of this emerging perception of two biologically 
independent patterns of ipsilateral breast neoplasia following 
SM, 3 of the 11 locoregionai relapses in this series were 
considered new primary cancers. In these patients, the sec- 
ond cancer arose in a site or quadrant remote from the SM in 
the affected breast. In two of the three cases, the new prima- 
ry lesion presented 5 years or more after treatment of the 
index cancer. 

While radiotherapy abrogates risk for local recurrence, as 
evidenced by the results in the EXRT and MXRT groups, 
there may be drawbacks to its routine use with surgery. 
Enhanced parenchymal and dermal fibrosis and edema from 
combined surgery and XRT may interfere with or even con- 
found clinical and mammographic surveillance of the affected 
breast.™*” Moreover, SM plus XRT may result in fat necro- 
sis that is clinically and radiographically indistinguishable 
from carcinoma. This often results in further biopsies or even 
completion total mastectomy.” The cosmetic advantage of 
breast-conserving therapy is thereby undermined or lost. 

Combined surgery and radiation can occasionally affect 
cosmesis adversely.* Cosmetically, the EXRT group did 
not fare quite as well as the NXRT group. The small number 
of EXRT patients precludes further comment on these obser- 
vations. However, it is noteworthy that cosmetic outcome as 
measured by a physician tends to deteriorate over time in 
patients treated by SM plus XRT.” 

The potential for XRT-related carcinogenesis remains un- 
proved but worrisome, especially in young patients and those 
whose breast cancers carry a good prognosis. Whether can- 
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cericidal doses of ionizing radiations to a cancer-bearing 
breast are carcinogenic to that breast is doubtful. However, 
the contralateral breast unevoidably receives scatter radia- 
tion in low but carcinogenic doses (at least 0.5 to 2.0 Gy).*” 
Three large population-based studies suggest that irradiation 
of the ipsilateral breast or chest wall in patients with breast 
cancer may augment the relative risk for contralateral breast 
carcinoma by up to 39%.” Although the clinical importance 
of this is hotly contested, these data are cause for some 
concern. Given this uncertamty and the minimal prognostic 
significance of local recurrence, reassessment of the emerg- 
ing dictum that XRT must always be administered following 
breast-conserving surgery seems timely and appropriate. 

Current financial constraints in health care give added 
relevance to the issue of selective vs routine XRT. In the 
64 patients in this series for whom XRT was considered 
optional, only 13 courses of radiotherapy were administered. 
Treatment costs for the 3 N XRT local recurrences (and per- 
haps the 2 NXRT new ipsilateral primary cancers) would also 
be charged to our selective =herapeutic approach. Nonethe- 
less, considerable savings were almost certainly realized as 
compared with the expense cf 64 courses of XRT. , 

In this series, selection of patients for XRT was based on 
four pathological factors, all cf which pertained to the primary 
tumor. Primary tumor size was considered important because 
of its effect on margins of resection, survival,” and the associ- 
ation of size with multicentricity.” Tumor size has recently 
been shown to influence loca. recurrence rate following SM.” 
The margins of resection were considered important because 
of the time-honored surgical tenet that a neoplasm must be 
resected with adequate margins of adjacent normal tissue in 
all dimensions. Incomplete surgical excision of breast cancer 
results in a 4.5-fold increase in the incidence of ipsilateral 
breast relapse even in the face of XRT.” In our series, a 
minimum margin of 0.6 cm was considered adequate, al- 
though margins of 1.0 cm cr more were sought. A recent 
study” confirms that close margins connote occult involve- 
ment by tumor and increased risk of local recurrence. Lym- 
phatic, vascular, and perineural invasion within the SM speci- 
men were considered important because of their association 
with multicentricity.” Lymphatic invasion was later reported 
to increase the probability of local recurrence.” Finally, be- 
cause of the reported correlation of extensive associated in 
situ cancer with multifocality and multicentricity,”” this 
variable was also considered when recommending XRT as 
optional or mandatory. Recent studies have affirmed that 
extensive in situ cancer imphes high risk for local recurrence 
following breast-conserving surgery. ***" 

Tumor grade has recently been identified as a risk factor for 
local recurrence.” Unfortunately, grade was infrequently 
documented in our patients. Retrospective analysis suggests 
that this was likely a factor in the observed ipsilateral breast 
relapses. In the future, this criterion will be taken into ac- 
count when considering XRT. We speculate that DNA flow 
cytometry in breast cancer” could conceivably be of value in 
assessing risk for locoregional recurrence in patients treated 
by SM. 

Age, menopausal status, end axillary nodal status did not 
enter into patient selection ir this series. It is now recognized 
that local recurrence may be more frequent in young, pre- 
menopausal, and axillary node-positive patients.” In our 
series, NXRT group patients were 10 years older on average 
than either the EXRT or M>RT groups, and a large propor- 
tion was postmenopausal and axillary node negative. This 
preponderance of older, postmenopausal, and node-negative 
patients may have contributed to the relatively low incidence 
of local recurrence in the NX RT group. 7 

In conclusion, conservative surgery without radiotherapy 
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in 51 carefully selected patients with breast cancer has been 
attended by a 6% incidence of local recurrence at 5 years. This 
suggests that local recurrence following SM without XRT can 
be mitigated by patient selection and would justify a more 
comprehensive inquiry into risk factors for local recurrence in 
the context of breast-conserving surgery. Segmental mastec- 


tomy-treated patients with breast cancer who can safely be 
spared the inconvenience, expense, and potential sequelae of 
XRT might thereby be identified with greater confidence. 


The authors gratefully acknowledge the able assistance of Carolyn Williams 
and Noemi Melendres in the preparation of the manuscript. 
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Intraoperative Radiation Therapy 


and Hyperthermia 


Morbidity and Mortality From This Combined Treatment Modality 


for Unresectable Intra-abdominal Carcinomas 


Thomas A. Colaechio, MD; Christopher Coughlin, MD; James Taylor, MD; Evan Douple, PhD; 


Thomas Ryan, MS; Robert W. Crichlow, MD 


è This is a report of a phase | trial of intraoperative radiation 
therapy in combination with intraoperative hyperthermia for the 
treatment of locally advanced, unresectable intra-abdominal car- 
cinomas. Using an ultrasound transducer system specifically 
designed for intraoperative applications, 19 patients have been 
successfully treated, demonstrating the feasibility of this combi- 
nation modality. The morbidity (58%) and mortality (11%) rates 
reported in this series are comparable to rates reported in series 
of similar patients receiving intraoperative radiation therapy 
alone. There is still a great need for considerable technological 
development to enable the use of intraoperative hyperthermia to 
treat large, complexiy shaped intra-abdominal tumors, and 
phase Il and Ill trials of this combination treatment modality 
should be performed. 

(Arch Surg. 1990;125:370-375) 


espite the emphasis on patient and physician education 

for the early diagnosis of cancer and continued advances 
in both diagnostic and therapeutic technology, pancreatic and 
colorectal carcinomas have shown persistently increasing oc- 
currence and mortality rates,’ with no significant improve- 
ment in the stage of disease at the time of diagnosis and no 
improvement in the efficacy of current treatment modalities. 
An estimated 27 000 Americans will develop pancreatic carci- 
noma this year,’ and the overwhelming majority (90%) will die 
within 1 year of diagnosis. Surgery remains the most effective 
modality for cure of this disease; however, in 85% to 90% of 
patients, the cancer will be unresectable at the time of diagno- 
sis. Nevertheless, nearly half of the cancers in this unresect- 
able group will have only local or regional spread at the time of 
exploration.”* Even in patients who undergo surgical resec- 
tion, 5-year survival rates are only 10% to 20%. Radiation 
therapy (both external-beam therapy and brachytherapy) has 
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been shown to have a definite effect on disease control but 
little impact on survival”; the major limitation is the toler- 
ance of adjacent normal tissues (kidneys, small intestine, and 
spinal cord) for high-dose radiation. 

Since the tolerance of adjacent structures prohibits the use 
of external-beam doses greater than 6000 cGy, the concept of 
delivering a “boost” to the tumor using a single intraoperative 
dose of radiation is quite appealing. Several centers in the 
United States and Japan have already reported the use of this 
intraoperative radiation therapy (IORT) boost in the manage- 
ment of pancreatic cancer." Although there has been some 
improvement in local control rates, survival has not been 
improved, and local recurrence in the treatment field is still a 
major problem. 

In contrast to pancreatic carcinoma, cancer of the colon and 
rectum is the most common visceral cancer in the United 
States, with 151 000 new cases anticipated this year.’ Early- 
stage (Dukes A and B1) lesions are effectively treated with 
surgery, and 5-year survival rates of 80% to 88% have been 
achieved”; however, overall survival is near 50%, and pa- 
tients with stage C or D rectal carcinoma have reported 5- 
year survival rates ranging from only 3% to 29%.” Regional 
recurrence is a major problem, with rates approaching 50% 
following surgery for rectal cancer,”” and 80% of patients 
dying of colorectal cancer have regional and local recurrence 
at the time of death.” The adjuvant use of external-beam 
radiation therapy has markedly decreased the local recur- 
rence rate in stage B2, C, and D rectal and rectosigmoid 
cancers in both randomized and nonrandomized series. ™”™” In 
addition, patients with unresectable colorectal cancers have 
benefited from preoperative radiation therapy,”” with im- 
provement in both subsequent resectability and local control. 
Although gross residual disease cannot be controlled by the 
standard 4500- to 5000-cGy preoperative dose, there are sig- 
nificant increases in complication rates when the preoper- 
ative dose is boosted to 6000 to 7000 cGy. Consequently, 
patients who do not undergo complete resection following 
preoperative radiation therapy have a poor survival rate.” 

Despite the development of megavoltage techniques that 
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Table 1.—IORT and IOHT for Patients With Colorectal Carcinomas* 


Tumor IORT 
Patient No./ Volume, Dose, 
Age, y/Sex mL Metastasest cGy 


~ 1/49/M 


3/63/M 
4/70/M 
5/60/M 
6/43/F 
7/57/M 
8/57/M 
9/70/M 1 





73 No 1500 17 
72 No 1500 12 


Thermal Doset 


Temperature 


Probes Maximum Minimum 


3955 


0 8 


10/77/M 69 0 7 


*IORT indicates intraoperative radiation therapy; IOHT, intraoperative hyperthermia. 


tPresent at the time of treatment. 
Equivalent minutes at 43°C. 


Tumor 
Patient No./ Volume, 
Age, y/Sex mL 


1/55/M 


Metastasest 


2/81/F 
3/59/F 
4/61/M 
5/49/M 
6/59/F 
7/62/F 





Thermal Doset 


Temperature 


Probes Maximum Minimum 


*IORT indicates intraoperative radiation therapy; IOHT, intraoperative hyperthermia. 


tPresent at the time of treatment. 
Equivalent minutes at 43°C. 


have allowed increased doses to be delivered to deep-seated 
tumors, the doses in excess of 7000 cGy that are required to 
treat residual macroscopic disease cannot be delivered safely 
to tumors of the abdomen and pelvis.” Thus, the techniques of 
IORT that were conceived in the 1930s* have rment with the 
use of IORT; however, local recurrence is still a problem in 
cases of unresectable locally advanced disease. 

Given these preliminary results utilizing the aggressive 
approach of IORT, surgical resection, and external-beam 
radiation therapy to control local disease recurrence in pan- 
creatic and colorectal carcinomas, the major cause of failure 
with these modalities continues to be a lack of local disease 
control. As a result, the use of hyperthermia in combination 
with radiation therapy is a logical new modality to investigate 
for these cancers. The biological rationale for hyperthermia 
as a cancer treatment has been well documented by numerous 
workers, and an excellent overview has been given by Hahn.” 
Equally important, clinical studies of hyperthermia plus radi- 
ation therapy vs radiation therapy alone have shown im- 
proved results for this combined modality for superficial 
tumors.” 

The major equipment development efforts in hyperthermia 
have concentrated on noninvasive devices. Clearly, if nonin- 
vasive devices can achieve the temperature specifications set 
by the biologists and clinicians, they are preferable to inva- 
sive or intraoperative devices. The majority of techniques for 
delivering hyperthermia, eg, microwave applicators, ultra- 
sound transducers, or inductive pancake coils, are either 
physically limited to or have been designed for treating super- 
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ficial tumors. Regional hyperthermia systems have been used 
to try to bring deep-seated tumors to therapeutic tempera- 
tures. Approaches to regional hyperthermia have included 
capacitive-type heating systems, concentric coils, and annu- 
lar phased arrays.” All of these clinical reports have demon- 
strated the difficulty in bringing the entire tumor volume to 
therapeutic temperatures without overheating normal tissue 
or causing excess pain due to the added difficulty of monitor- 
ing temperatures throughout the treated volume and adja- 
cent structures. 

All of these reasons formed the rationale for the develop- 
ment of a hyperthermia system capable of heating deep- 
seated tumors intraoperatively. We have developed an ultra- 
sound transducer system that, in conjunction with continuous 
temperature monitoring, is capable of heating deep-seated 
intra-abdominal tumors. To determine the feasibility and 
safety of this system, we designed a phase I trial of combina- 
tion therapy using IORT and intraoperative hyperthermia 
[IOHT]in the treatment of locally unresectable intra-abdomi- 
nal carcinomas. We have successfully treated 19 patients with 
this combination therapy, and we report the results of this 
phase I trial. 


PATIENTS AND METHODS 
Patient Selection 
For this phase I trial we selected patients with recurrent and large 
unresectable intra-abdominal carcinomas, primarily pancreatic and 


colorectal. Patients who had previously received external-beam radi- 
ation therapy and those with solid organ metastases were eligible if 


Radiation Therapy and Hyperthermia—Colacchio etal 371 






Tumor 
Patient No./ Primary Volume, 
Age, y/Sex Cancer mL Metastasest 
1/61/M Gastric 361 Yes 





2/65/F Endometrial 320 No 








Table 3.—IORT and IOHT for Patients With Other Carcinomas* 


IORT Thermal Doset 

Dose, Temperature ET i TAT ee Follow-up, 
Probes Maximum Minimum mo 

1500 6 343 122 4 

1750 8 491 0 12 





*IORT indicates intraoperative radiation therapy; IOHT, intraoperative hyperthermia. 
tPresent at the time of treatment. 
Equivalent minutes at 43°C. 


54.9°C 


3 
49.9°C 





Fig 1.—Temperature distribution for the treatment of a large liver 
metastasis secondary to colorectal carcinoma with a tumor volume of 
729 mL. 


their expected survival was greater than 3 months. In addition, we 
decided to use IOHT only in patients with measurable residual dis- 
ease (generally >2 cm thick), in whom temperature monitoring was 
feasible; we thereby eliminated patients with minimal or microscopic 
disease. As a result of these criteria we selected a population of 
patients with the worst overall prognosis from among those who 
would be eligible for future phase II trials of this combination treat- 
ment modality. There have been 19 patients treated with combination 
IORT with IOHT. Ten patients had colorectal cancer recurrences, 7 
had unresectable primary pancreatic cancers, and, in addition, we 
treated 1 gastric and 1 endometrial cancer. The patients’ demograph- 
ic, tumor size, treatment, complication, and follow-up data are shown 
in Tables 1, 2, and 3. 


Surgery 


All patients underwent exploratory laparotomy, at which time 
their tumors were exposed, a biopsy was done, and adherent or 
involved structures overlying or adjacent to the tumor were re- 
sected, retracted, or defunctionalized. The tumors were debulked 
wherever possible to achieve a maximum diameter of 10 cm and a 
maximum thickness of 5 cm. The surface of the tumor was exposed, 
and IORT and IOHT were performed. Following this, the necessary 
bypasses, resections, etc, were performed, and the operation was 
completed. 
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Fig 2.—Temperature distribution from the treatment of a carcinoma of 
the body of the pancreas with a tumor volume of 243 mL. 


Radiation Therapy 


In early 1986, a Phillips RT 305 orthovoltage (300 kV [peak]) x-ray 
machine was installed in one of the operating suites at the Mary 
Hitchcock Memorial Hospital, Hanover, NH, for the sole purpose of 
delivering IORT. The beam has a half-value layer of 3.8 mm’, so that 
relatively little shielding is required for the room. A full complement 
of cones was fashioned, with foeal skin distances of both 25 and 30 cm. 
Cone diameters range from 4 to 10 cm and have 0°, 15°, or 30° bevel 
angles. We believed that tumors with a thickness of up to 5 em would 
be satisfactorily treated with 300-kV(p) x-rays. Generally, the dose of 
radiation was determined by the thickness of the tumor; ie, tumors 
more than 2 em thick received 1750 cGy, while tumors less than 2 cm 
thick received 1500 cGy. Treatment times ranged from 15 to 25 
minutes, and no tumors were inaccessible to placement of the IORT 
cones. A summary of the IORT doses used is given in Tables 1 to 3. 
Eleven of the 19 patients who received IORT and IOHT received 
either preoperative or postoperative external-beam radiation thera- 
py. Of the remaining 8 patients, 5 refused additional therapy, and 3 
died before they recovered sufficiently for therapy to begin. 


Hyperthermia 


Following IORT, all 19 patients received IOHT treatment. This 
was delivered using either a 7.5- or 10-cm ultrasound transducer with 
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Tumor Margin 


Temperature, °C 


0 2 4 6 
Map Across Tumor, cm 


Fig 3.—Thermal map of the temperatures across the central axis of a 
tumor measured 0.5 cm deep to the surface. The map depicts thera- 
peutic temperatures within the tumor and a rapid decrease in tempera- 
ture outside the tumor. 


Table 4.—IORT and IOHT for Unresected and 
Gross Residual Intra-abdominal Carcinomas: 
The Dartmouth Experience* 


Morbidity, Mortality, 


No. (%) 


No. (%) 
5 (50) 0 


Colorectal 
Pancreatic 7 4 (57) 2 (29) 


Other 2 2 (100) 0 


Total 19 11 (58) 2 (11) 


*IORT indicates intraoperative radiation therapy; IOHT, intraoperative hyper- 
thermia. 


a l-, 2-, or 3-MHz piezoelectric crystal. Therapeutic temperatures 
(>42°C) were achieved and maintained for 60 minutes in each IOHT 
treatment. The power required to attain these temperatures ranged 
from 70 to 180 W and was provided by a radiofrequency synthesizer 
with a computer-controlled 400-W amplifier. Temperatures within 
the treatment field and at the normal tissue margins were continuous- 
ly monitored every 5 seconds using flexible microthermocouples and 
triple-junction needle thermocouples with a 90° bend to allow place- 
ment along the central axis at known depths. Surface temperatures 
were also monitored. The number of temperature points within each 
tumor and the thermal doses for the 19 patients who received IOHT 
are shown in Tables 1 to 3. Schematic representations of the locations 
of these points within the tumor volume of two of the patients are 
shown in Figs 1 and 2. In addition, Fig 3 shows a thermal map of one 
patient across the center of the tumor at a depth of 0.5 cm. 


RESULTS 


Despite the fact that this preliminary group of patients had 
a dismal overall prognosis, we were heartened and encour- 
aged by the number of partial and complete responses to this 
therapy. The average tumor volume was large; the mean 
volumes for the colorectal and pancreatic tumors were 197 
and 254 mL, respectively, and 7 patients had solid organ 
metastases at the time of therapy. The follow-up ranged from 
0.5 to 25 months, with a mean follow-up for patients with 
colorectal and pancreatic tumors of 13.8 and 6.4 months, 
respectively. Five patients were still living at the time of this 


Arch Surg—Vol 125, March 1990 


+ 








Adult respiratory distress 
syndrome 


lleus 


Partial small-bowel 
obstruction 


Increased nerve paresis 1 0 1 2 


Total, No. (%) 5 (50) 4 (57) 2 (100) 11 (58) 


report, and 10 had died of progression of their disease. 

The morbidity and mortality rates are summarized in Table 
4. Eleven patients developed complications, for an overall 
complication rate of 58%. These complications are summa- 
rized in Table 5 and included three pelvic abscess, two cases of 
prolonged postoperative ileus, one case of partial bowel ob- 
struction that did not require reoperation, and two cases of 
increased nerve paresis. Both cases of nerve paresis were 
demonstrated preoperatively, and both patients returned to 
their baseline deficits within 3 months. In addition, one pa- 
tient developed osteomyonecrosis of the left lateral abdomi- 
nal wall 8 months following treatment in association with a 
regional recurrence. This required débridement and recon- 
struction. There were no wound infections, delayed hemor- 
rhages, new permanent neuropathies leading to motor defi- 
cits, skin burns, or enteric fistulae in association with the 
treatment fields. 

There were two postoperative deaths (within 30 days of 
surgery) in this series, for a mortality rate of 11%. One patient 
with pancreatic cancer had evidence for progressive bowel 
ischemia along the distribution of the superior mesenteric 
artery 14 days following surgery, and patent mesenteric 
blood vessels were noted at autopsy. Another patient with 
pancreatic cancer developed progressive respiratory distress 
beginning 15 days after surgery and 2 days after chemothera- 
py was started. This progressed to adult respiratory distress 
syndrome and was thought to be the result of tumor necrosis. 
She died of respiratory failure 19 days after surgery. 


COMMENT 


Locally advanced intra-abdominal carcinomas are signifi- 
cant clinical problems that are relatively resistant to conven- 
tional modes of therapy. Some improvement in local control 
has been made with adjuvant radiation therapy; however, 
normal tissue tolerances make it difficult to deliver sufficient 
doses of external-beam radiation therapy to eradicate residu- 
al disease. Intraoperative radiation therapy has allowed the 
delivery of “boost” doses of radiation to the residual tumor in 
these cases; however, this has been most successful in pa- 
tients with only microscopic residual disease. Patients with 
gross residual and primarily unresectable disease still have 
unacceptably high rates of local recurrence despite the use of 
IORT. This situation is particularly well suited for the use of 
hyperthermia in combination with radiation and surgery. 

There are several reasons to use hyperthermia in the treat- 
ment of these patients: (1) Heat kills mammalian cells as a 
function of time and temperature. (2) Heat results in DNA 
damage (strand breaks) and inhibits strand break repair. (3) 
Heat cytotoxicity complements the effect of radiation therapy 
because hypoxic cells, “S-phase” cells, and an acidotic mileau 
all make tumors relatively radioresistant but render them 
more sensitive to heat. (4) Finally, heat enhances the effects 
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Table 6.—lIORT for Colorectal Cancers* Unresected and 
Gross Residual 


No.of Morbidity, 
Cases % 


Mortality, 
% 


Institution, y 


Massachusetts General Hospital, 
Boston, 1983 4 


Massachusetts General Hospital, 
1984 41 


New England Deaconess 
Hospital, Boston, Mass, 1984 


Massachusetts General Hospital, 
1986 


Mayo Clinic, Rochester, Minn, 
1988 


National Cancer Institute, 
Bethesda, Md, 1988 


*IORT indicates intraoperative radiation therapy. 
tThese rates are from a series that includes cases in addition to those 
reported in this table. 


Table 7.—IORT for Pancreatic Cancers* Unresected and 
Gross Residual 


No.of Morbidity, 


Mortality, 
Cases % % 


Institution, y 


New England Deaconess 
Hospital, Boston, Mass, 1984 15 33 


Massachusetts General Hospital, 
Boston, 1987 


Kyoto (Japan) University Hospital, 
1987 69 


Mayo Clinic, Rochester, Minn, 
1988 


National Cancer Institute, 
Bethesda, Md, 1988 


National Cancer Institute, 
Bethesda, Md, 1988 


Howard University Hospital, 
Washington, DC, 1988 


*IORT indicates intraoperative radiation therapy; NR, not reported. 
tThese rates are from a series that includes cases in addition to those 
reported in this table. 





of radiation both by acting as a radiosensitizer and by inhibit- 
ing the ability of the cells to repair sublethal and potentially 
lethal damage. This, in conjunction with the technological 
impediments encountered with attempts to use noninvasive 
hyperthermia methods to heat deep-seated tumors, forms the 
rationale for the development of the capability for IOHT. 

A major difficulty in evaluating a phase I trial of this 
combination therapy is identifying an appropriate patient 
group for the comparison of morbidity and mortality. There 
are now several reports of the use of IORT in the management 
of intra-abdominal (primarily colorectal and pancreatic) carci- 
nomas; however, it is often difficult to identify patients who 
had the same disease stage as patients in this trial (ie, unre- 
sectable gross residual [recurrent and primary] disease) to 
make valid comparisons. Most series of unresected and gross 
residual colorectal carcinomas have relatively small numbers 
of patients, ranging from 2 to 11 (Table 6)."°*** In the 
largest series, from the Massachusetts General Hospital, 
Boston,“ the amount of residual disease treated with IORT 
was not specified. In addition, the morbidity and mortality 
rates are often based on aggregates that include other pa- 
tients in addition to the specific cases listed. Nevertheless, 
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the morbidity rates range from 13% to 100%, with low mortal- 
ity rates of 0% to 2%. This is certainly consistent with the 50% 
morbidity and 0% mortality rates for patients with colorectal 
cancer in the present series. 

There is somewhat less difficulty in identifying an appropri- 
ate group for comparison with pancreatic cancer, since most 
patients have unresectable primary disease. As shown in 
Table 7, the complication rates for these patients are general- 
ly higher, ranging from 25% to 75%," and this is consistent 
with the morbidity rate of 58% in the present series. The 
mortality rate is also considerably higher and ranges from 
1.4% to 24%; again, this is not significantly different from the 
mortality rate of 29% for the patients with pancreatic cancer 
in the present series. Interestingly, there was a similar case 
of small-bowel necrosis resulting in a postoperative death 
reported in the National Cancer Institute series.” 

Clearly, further equipment development is needed to en- 
able the treatment of large, complexly shaped intra-abdomi- 
nal tumors. In addition, greater control of power deposition 
and more precise thermal mapping will enable the inclusion of 
patients with thinner, more minimal forms of residual dis- 
ease. These patients are still not adequately treated with 
IORT alone but currently cannot be treated with IOHT. It is 
this group of patients for whom we have the greatest likeli- 
hood for local control and possible cure. Finally, this new 
technology will enable the performance of phase II and III 
trials of this combination treatment modality. 


This study was supported in part by grant CA23594 from the National Cancer 
Institute, National Institutes of Health, Bethesda, Md. 
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Meta-analytic Evidence Against Prophylactic Use of Lidocaine in Acute Myocardial Infarction 
Louis K. Hine, MD, MPH; Nan Laird, PhD; Peg Hewitt, MS; Thomas C. Chalmers, MD 


Although lidocaine prophylaxis reduces the incidence of ventricular fibrillation during acute myocardial 
infarction (AMI), randomized control trials (RCTs) have not demonstrated any significant mortality effect of 
this therapy. We conducted a meta-analysis of 14 RCTs of lidocaine prophylaxis during AMI to detect any 
mortality effect. Six prehospital- and eight hospital-phase RCTs that randomized totals of 7656 and 1407 
patients, respectively, were selected and reviewed in a blinded fashion. Mortality data were evaluated 


according to therapy type, reporting interval, and patient category. The prehospital-phase RCTs showed no 
meaningful mortality effect (risk difference, 0.0184; 95% confidence interval, —0.048 to +0.012). The 
hospital-phase RCTs showed a statistically significant increase in mortality during the treatment period for 
lidocaine recipients (risk difference, 0.029; 95% confidence interval, +0.004 to +0.055). These results 
confirm that lidocaine administered to monitored patients during the prehospital phase of AMI will not 
reduce mortality by a clinically important amount and suggest that lidocaine administered in the hospital 
phase of monitored, uncomplicated AMI may increase mortality among recipients with proved AMI (Arch 


Intern Med. 1989;149:2694-2698). 
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Axillary Lymphadenectomy 


A Prospective, Randomized Trial of 13 Factors Influencing Drainage, 


Including Early or Delayed Arm Mobilization 


Jeanne A. Petrek, MD; Margaret M. Peters, RN; Subhadra Nori, MD; Cynthia Knauer, RN; 


David W. Kinne, MD; Andre Rogatko, PhD 


è Greater amount and duration of postoperative wound drain- 
age after lymphadenectomy impede healing. We evaluated the 
influence of early vs delayed initiation of shoulder mobilization 
on postoperative drainage. Fifty-seven women with clinical stage 
| or Il breast cancer were randomized to either early (postopera- 
tive day 2) or delayed (postoperative day 5) shoulder motion. 
Early vs delayed time of exercise initiation had no effect on total 
amount or duration of drainage, either as an inpatient or outpa- 
tient. The two groups were determined to be homogeneous as to 
age, breast size, weight, height, obesity, previous biopsy, exci- 
sion of pectoralis minor, excision of thoracodorsal complex, 
level of axillary dissection, total number of lymph nodes, number 
of positive lymph nodes, lymphatic vessel invasion (with nega- 
tive lymph nodes), and whether the dominant hand was on the 
side operated on. The two factors predicting greater drainage 
were large numbers of positive lymph nodes and no previous 
surgical biopsy (as in one-step procedure). 

(Arch Surg. 1990;125:378-382) 


reater amount and duration of the postoperative seroma 

cause the surgical drains to remain in place longer, pro- 
longing the hospital stay beyond that required by operative 
and anesthetic convalescence or forcing the patient to be 
discharged with self-care of the drain. In addition, the amount 
and duration of seroma formation appears to parallel the 
incidence of infection.’ The fluid, which is mainly lymph and 
serum, is a good culture medium for retrograde skin bacteria 
in the presence of a foreign body, such as a drain. Therefore, it 
has always been a basic surgical tenet to remove drains as 
soon as possible. If the drain is removed prematurely while 
the seroma formation continues, the fluid must be drained by 
means of multiple percutaneous aspirations. However, multi- 
ple trips to medical facilities are inconvenient for the patient 
and the risk of infection remains. 


PATIENTS AND METHODS 


Between January 1, 1988, and August 11, 1988, 57 women with 
stage I or II breast cancer were randomized to early (n=27) or 
delayed (n=30) shoulder mobilization after stratification for type of 
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operation—modified radical mastectomy or axillary dissection and 
limited resection of the breast. 


Patient Selection and Data Entry 


Exclusion criteria included patients undergoing the operations of 
total mastectomy, true radical mastectomy (removal of pectoralis 
major muscle), any mastectomy with immediate reconstruction, any 
bilateral procedure, or an axillary dissection without a breast exci- 
sion. A patient was also ineligible if (1) age was greater than 70 years; 
(2) psychiatric or psychological abnormalities precluded informed 
consent; (3) a hematoma, infection, or wound dehiscence was present 
at the former biopsy site; (4) decreased range of motion of the shoul- 
der existed preoperatively; (5) any medicine except postmenopausal 
hormones or five common antihypertensive medicines were ingested; 
or (6) any previous malignant disease was present, except squamous 
or basal cell skin cancer. 

In addition to the immediate postoperative sequelae of wound 
complications and postoperative drainage, the study was designed to 
evaluate shoulder motion limitation and arm lymphedema as a func- 
tion of early vs delayed exercise. However, these data are not yet 
analyzed and will be reported in a subsequent article. 

For every patient, the research nurse obtained baseline arm and 
hand circumferential measurements by tape measure and shoulder 
joint range of motion by goniometry. The arm measurements were 
taken 15 cm above and 10 cm below the olecranon and the hand 
measurement was taken around the four metacarpals. The following 
patient characteristics were also recorded: age, breast volume (by 
bra size in inches and cup), weight, height, body mass index (also 
called obesity or ponderal index), and whether the dominant hand 
was on the side operated on. Variables concerning the operation 
included the level of the axillary dissection, presence of a previous 
surgical biopsy, and whether the pectoralis minor and/or thoracodor- 
sal (nerve/artery/vein) complex was excised. Pathological variables 
included total number of lymph nodes removed, lymphatic vessel 
invasion (with negative lymph nodes), and the number and proportion 
of positive lymph nodes. 


Early vs Delayed Exercise 


The participating patients were randomized in the recovery room. 
After the operation, a dry sterile dressing was applied in the operat- 
ing room as well as an individually made upper arm restraint. This 
restraint consisted of a surgical bra (Surgibra, Golda Inc, Cleveland, 
Ohio), as is used routinely in all nonprotoco! patients, to hold the 
sterile dressing in place over the operative site. Then a loose-fitting 
sterile bandage was wrapped cireumferentially around the upper arm 
just above the elbow. Multiple safety pins were utilized to securely 
fasten the upper arm bandage wrap to the surgical bra. With this 
system, up to 20° of abduction and flexion/extension was possible, as 
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Table 1.—Continuous Variables by Early (n=27) and 
Delayed (n =30) Groups* 


Early Delayed 
Group Group P 
52.3 +2.4 55.0+2.5 .4340 
(31-74) (27-79) 
70.6+3.4 66.3+2.2 .2802 
(51-118) (48-97) 
162.0+1.7 160.1+1.8 .4478 
(136-180) (136-174) 
27.5+1.8 26.1+1.1 
(19.8-63.8) (18.5-40.7) 
36.6 + 0.7 36.2+0.5 .9072t 
(32-46) (30-44) 
19.2+1.2 19.8+1.4 7251 
(10-33) (10-44) 
1.1+0.5 1.8+0.7 
(0-11) (0-13) 
6.8+2.9 10.8+4.1 
(0-64.7) (0-86.7) 


*Values represent mean + SE (range) and P values for the equality of means 
(t test) or distributions. 
tResults shown are of the Mann-Whitney test. 


Variable 
Age, y 


Weight, kg 

Height, cm 

Ponderal Index, kg?/m .9618T 
Bra size, in 

Total No. of lymph nodes 
No. of positive lymph nodes .7193T 


.6498t 


% of positive lymph nodes 


well as unrestricted internal and external rotation of the shoulder. 
The surgical bra was removed as necessary for incision inspection, at 
which time the shoulder was allowed 40° or less of abduction. The 
restraint prevented inadvertent shoulder mobilization by the pa- 
tient, such as might be used for pulling on clothes and fixing the hair. 

Initially, on the first day after surgery, and on each additional day 
as required, each patient was shown how to properly elevate her 
forearm in bed on a pillow with a gauze roll and soft ball in her hand, 
which was also elevated. Hand squeezing exercises were started with 
the arm elevated as high as was comfortable on pillows to promote 
lymphatic drainage. In the early group, the upper arm restraint was 
discontinued on postoperative day 2 and graduated range of motion 
exercises of the shoulder were begun in a group session, under the 
supervision of a physical or occupational therapist. A set of active and 
active-assistive exercises were taught, as listed below. In the delayed 
group, the restraint was removed on postoperative day 5, and the 
same standard exercise routine begun. Before discharge, the pa- 
tients were provided with instructions for a home exercise program. 
They were instructed to continue these exercises for at least 3 weeks 
to 3 months, until they had the normal range of motion of the 
shoulder. 


Exercise Program 


Exaggerated Deep Breathing.—This exercise of slow, deep 
breathing through the nose and exhalation through pursed lips helps 
to ease the sensation of pulling and discomfort experienced during 
exercises. 

Pendulum Exercise.—For this exercise, the patient stands and 
bends forward from the waist. She swings the arm in circles, starting 
with small circles, advancing to large circles. This exercise promotes 
shoulder range of motion in all directions. 

Wall Climbing. — This exercise is done by standing about 6 in away 
from the wall, facing it. Fingers are “walked” up the wall until pulling 
or discomfort occurs. Marked measurements of daily achievement on 
a wall chart help stimulate progress. 

Clasp-Left Stretch.—The clasped hands are slowly brought to 
rest on top of the head and held in that position. If the sensation of 
pulling stops, the patient progresses to sliding the hands over to the 
back of the neck and stretches elbows apart. This exercise increases 
the range of motion of the shoulder in three directions. 

“Pulley” Exercise.—This exercise utilizes a rope between two 
handles that is draped over a peg or hook, 6 ft above the floor. The 
handles of the “pulley” are grasped by both hands. By lowering the 
unaffected arm, the affected arm is raised slowly. This exercise 
increases the range of motion of the affected shoulder in the overhead 
direction. 
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Table 2.—Potential Predictive Categorical Variables by Early 
(n=27) and Delayed (n =30) Groups* 


Variable 
Previous biopsy 


Early Group Delayed Group P 


Pectoralis muscle 
excised 


Thoracodorsal 
complex excised 


Highest lymph node level 
excised 


Side of dominant hand 
operated on 


Lymph vessel 
invasion 


Bra cupt 


*Values represent percentages and P values for the equality of proportions. 
tSample size for the early group is 25 and for the delayed group is 29. 
More than two categories. 


With each exercise the patient is told to pause to detect symptoms 
of tightness or discomfort, and to practice gentle, slow, deep breath- 
ing while holding the position at which discomfort began. The exer- 
cise is resumed once the discomfort subsides. 

These exercises are practiced at least three times per day until 
complete range of motion at the shoulder is regained. 


Drainage and Other Study Measurements 


At the time of the operation, two 3/16-in perforated silicone cathe- 
ters of a closed self-suction drainage system (Reliavac, Davol Inc, 
Cranston, RI), were placed in the operative site. As is the case also 
with nonprotocol patients, each 8-hour shift of nurses emptied the 
Reliavac reservoir and recorded the drainage. The operative site was 
monitored daily by the research nurse, floor nurses, house staff, 
and/or surgeon. Drains were removed when the total daily amount 
decreased to 50 mL/d and the patients were discharged the next day. 
The patients were first seen by the outpatient department nurse 
within 4 days of discharge. The nurse examined the operative site, 
and aspirated as necessary and, depending on fluid accumulation, 
instructed the patient to return in the next few days for further 
aspiration, as is the usual routine. 

Drainage measurements consisted of total amount (milliliters) and 
duration (days) as an inpatient until daily drainage was less than 50 
mL, at which time the catheter was discontinued and the patient was 
discharged the following day. The total amount and duration as an 
outpatient was likewise recorded, as well as the number of percutane- 
ous aspirations. 


STATISTICAL METHODS 


In a preliminary analysis, the assumption that a continuous 
variable followed a normal distribution was examined by 
means of normal plots and Shapiro-Wilks W tests in each 
group (early and delayed exercise). When normality was 
rejected, a normalizing transformation was sought in the 
family of power transformations. Univariate comparisons be- 
tween early and delayed groups were performed, for continu- 
ous variables, by two sample ¢ tests and by nonparametric 
Mann-Whitney tests for nonnormal, nontransformed vari- 
ables. Contingency tables were constructed and x” or exact 
tests applied for categorical variables. To test the hypothesis 
of equality of means of the two groups, for all the continuous 
variables simultaneously, the multivariate Hotelling’s two 
sample T’ statistic was employed. 

Pair-wise association between variables was evaluated by 
Pearson’ correlation coefficient and a t test for linear correla- 
tion. Forward stepwise multiple linear regressions were used 
to select variables with the greatest predictive value for 
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Table 3.—Response Variables by Early (n= 27) and Delayed 
(n=30) Groups* 


Early Delayed 
Group Group 
558 +114 603 + 76 
(58-3265) (125-2020) 
6.9+1.4 6.5+.6 
(3-36) (2-14) 
223 + 100 117+41 
(0-2080) (0-280) 
2.6+1.3 2.0+.5 
(0-34) (0-9) 
15.0+5.7 13.2+3.0 
(0-150) (0-58) 
781+195 720+ 102 4622 
(58-5013) (125-2777) 


*Values represent mean+SE (range) and P values for the equality of 
distributions (Mann-Whitney test). 
tSample size for the early group is 24, and for the delayed group is 28. 


Variable 
Inpatient drainage, mL 


Inpatient stay, dt 
Outpatient drainage, mL 
No. of aspirations 
Duration, d 


Total drainage, mL 


Table 4.—Associations Between Response and Predictive 
Variables (n= 57 Pairs)* 


Correlation 
of Variable 


Inpatient 
drainage log, mL 


With Variable 

No. of positive LNs 
% of positive LNs 
Level 
Previous biopsies — 35 .0084 
Pectoralis excised 34 .0101 
Thoracodorsal excised 24 NS 
Inpatient stay No. of positive LNs k .0022 

log, d % of positive LNs 40 0033 
Total No. of LNs —.28 .0480 
Previous biopsies —.27 NS 
Level .26 NS 
Thoracodorsal excised 25 NS 
Pectoralis excised aa > -NS 


Outpatient 
drainage log, mL 


No. of positive 


% of positive LNs 


Lymph vessel invasion 





No. of aspirations No. of positive LNs 
log % of positive LNs 


Outpatient 
duration log, d 


No. of positive LNs 
% of positive LNs 


Total drainage 
log, mL 


No. of positive LNs 

% of positive LNs 
Previous biopsies 
Pectoralis excised 
Level 

Thoracodorsal excised 





*R? and P values are for pairs of variables with P<.1. NS indicates not 
significant at a .05 level; LNs, lymph nodes. 
tSample size is 52 pairs of observations. 


inpatient drainage, inpatient length of stay, outpatient drain- 
age, number of outpatient aspirations, outpatient drainage 
duration, and total amount of drainage. 

The statistical analysis was performed using the SAS sta- 
tistical package (SAS Institute Inc, Cary, NC). The critical 
significance level of .05 was chosen. 
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Table 5.—Summary From Multiple Stepwise Linear 
Regressions* 


Response Model Coeffi- 
Variable R? P Predictor cient SE P 


.257 .0003 No. of positive LNs .08 
Previous biopsy 


Inpatient 
drainage 
log, mL 

Intercept 


Inpatient 
stay 
log, d 
Outpatient 
drainage 
log, mL 
No. of 
aspirations 
log 
Duration 
log, d 


No. of positive LNs 
Intercept 


No. of positive LNs 
Intercept 


No. of positive LNs 
Intercept 


No. of positive LNs 
Intercept 
Total : No. of positive LNs 


drainage 


log, mL Previous biopsy 





Intercept 


*LN indicates lymph nodes. 


RESULTS 


The balance of the 14 potential predictive variables be- 
tween the early and delayed exercise groups is shown in 
Tables 1 and 2. Table 1 concerns the following eight continu- 
ous variables: age, weight, height, ponderal index, bra size in 
inches, total number of lymph nodes excised, number of posi- 
tive lymph nodes, and proportion of positive lymph nodes. 
The means, SEs, ranges, and univariate P values for the 
hypothesis of equality of means (or for equality of distribu- 
tions) for early and delayed exercise groups are listed in Table 
1. Table 2 concerns the seven categorical variables. The per- 
centages and univariate P values for the hypothesis of equali- 
ty of proportions for early and delayed groups are listed in 
Table 2. It can be seen from these two tables that no signifi- 
cant difference between early and delayed exercise was de- 
tected for any variable. With multivariate analysis, the equal- 
ity of the multivariate mean vector between early and delayed 
exercise, including all variables from Table 1 (transformed to 
achieve normality if necessary), was accepted by the Hotell- 
ing’s T’ test (P = .6192), confirming the univariate results. 

Table 3 concerns the various measurements of seroma for- 
mation—duration, volume, and number of aspirations, both 
as an inpatient and as an outpatient. The equality of the 
multivariate mean vector between the two groups in ques- 
tion, using the variables listed in Table 3, was also accepted by 
the Hotelling’s T” test (P=.1605). There was no difference 
between early and delayed groups in the univariate or multi- 
variate analysis. 

The various measurements of seroma formation from Table 
3 are interrelated to each other; they are all significantly 
correlated pairwise. The correlation coefficients ranged from 
.41, between log (number of outpatient aspirations) and log 
(inpatient drainage), to .95, between log (inpatient drainage) 
and log (total drainage). 

Since time of initiation of exercise did not predict drainage, 
it was included with all the other potentially predictive vari- 
ables. Table 4 shows the predictive variables that had a 
correlation coefficient with the response variables with P 
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Positive 
Lymph 
Nodes 


0-6 No 14 
0-6 Yes 38 
No 
Yes 


Previous Biopsy 


Sample Size 





Total Drainage 


2980 (mL) 


Means and 95% confidence intervals for the four groups predicting total drainage. 


values less than .1. The variable group was not included in this 
table since the correlation coefficients were always less than 
.13 (P=.3330). 

Table 5 shows the best predictors for the response vari- 
ables. Number of positive lymph nodes was selected in as a 
predictor for all response variables. Additionally, previous 
biopsy was a significant predictor of inpatient and total drain- 
age. To illustrate the effect of both number of positive lymph 
nodes and previous biopsy on the total drainage, the patients 
were divided into four groups as follows: those having six or 
fewer positive lymph nodes, those having seven or more, and 
by presence or absence of previous biopsy. The cutting point 
of six lymph nodes was empirically chosen to give the maxi- 
mum mean difference of total drainage between these two 
arbitrary groups. The four resulting group means with 95% 
confidence intervals (based on the pooled SDs) can be seen in 
the Figure. 


COMMENT 


The severe, long-term consequences of axillary lympha- 
denectomy, including arm lymphedema and decrease in 
shoulder range of motion, have been evaluated in a second 
part of this study. When the data collection is complete, the 
results will be published in a forthcoming report. 

The present study documents various measurements of 
inpatient and outpatient seroma formation, and the relation- 
ship of early vs delayed exercise. Since no difference was 
noted between early vs delayed exercise, the influence of the 
other 13 explanatory variables on amount and/or duration of 
seroma formation, both as an inpatient and outpatient, was 
evaluated. 

Although not as serious as shoulder limitation or lymphe- 
dema, the condition of increased seroma formation is worthy 
of study since it hampers final wound healing and prolongs the 
period of indwelling or percutaneous drainage. Seroma for- 
mation appears to parallel the incidence of infection. Further- 
more, various authors have postulated its correlation with 
long-term lymphedema.” 

There are only two previous randomized, prospective, clin- 
ical trials addressing early vs delayed shoulder mobilization 
after axillary lymphadenectomy. Lotze et al reported that 
patients randomized to receive early motion had statistically 
significantly more total wound drainage, more days of drain- 
age, and later postoperative day of discharge than did pa- 
tients who started motion on postoperative day 7. (They 
further noted that no significant differences in the percent of 
patients achieving functional range of motion could be identi- 
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fied in long-term follow-up.) They concluded that early insti- 
tution of rehabilitative exercise had a deleterious effect on 
wound healing and drainage. 

The only other prospective randomized trial was published 
recently as a “Short Note” in the British Journal of Surgery.” 
The authors state that “seromas developed more often in the 
exercise group” but no significant difference in seroma forma- 
tion was found in volume, duration, or number of aspirations. 
As a matter of fact, inpatient drainage volume for early 
exercise group was only 15% more than that for the immobi- 
lized group (with a mean [+ SD] 379+ 2 to 8 mL for the early 
exercise group vs 322+169 mL for the delayed exercise 
group). Nevertheless, because of the report’s brevity (less 
than two pages) it is difficult to compare it with either our 
present study or that of Lotze et al.” 

There were many differences between our study and that of 
Lotze et al.* The population in our report was homogeneous — 
female patients with stage I and II breast cancer, with no 
prior malignant disease and no prior benign disease with the 
exception of hypertension. (Patients were excluded if they 
had been taking any previous medicines except postmeno- 
pausal hormone replacement or five common antihyper- 
tensives.) 

The patients in the study of Lotze et al’ were less homoge- 
neous; they were male and female, with breast cancer and 
melanoma. In their study, five explanatory variables were 
checked by univariate analysis and found to be balanced 
between the early and delayed groups — gender, type of oper- 
ation (axillary dissection vs modified radical mastectomy), 
body surface area, length of operation, and total number of 
lymph nodes excised. The better approach would be a multi- 
variate method where the difference between early and de- 
layed groups could be adjusted by the relevant covariates and 
the homogeneity among different group classifications (as the 
difference between patients undergoing dissections from mel- 
anoma or breast cancer) could be tested. The inappropriate- 
ness of the univariate approach is demonstrated by their 
“adjustment” of total drainage by division with body surface 
area in Fig 2 of their article. As can be seen in Figs 2 through 5 
of their article, the histograms display skewed, nonnormal 
distributions. As such, the requirements for a t test are not 
fulfilled. In our study, 14 variables were studied and found to 
be balanced between the early and delayed groups, both by 
univariate and multivatiate approaches (Tables 1 and 2). 

There were prominent unusual factors in the study of Lotze 
et al.* The patients had a variable extent of disease, probably 
with different chemotherapy, immunotherapy, and radio- 
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therapy preoperatively. One study patient was not assessable 
since death occurred within 30 days of melanoma progression. 
In addition, 20% of the axillary dissections (8 of 40) evaluated 
were sequential bilateral procedures. 

Concerning the methods, there were also differences in the 
two studies. In our effort to be practical and for all patients to 
receive the same inpatient physical therapy, the delayed 


group started exercise on postoperative day 5 (as opposed to enlarged lymph nodes, 


postoperative day 7 in the study of Lotze et al). Conversely, 
early exercise was postoperative day 2 in our study (vs day 1), 
as was the current, nonresearch routine at Memorial Hospi- 
tal, New York, NY. (We were concerned that older patients 
might think exercise on the day after their operation was 
excessive.) In their study, drains “were removed at the dis- 
cretion of the operating surgeon, but were generally left in 
place until drainage was less than 30 cc/24 hours, for two 
consecutive days.” The amount of drainage by percutaneous 
aspiration, whether inpatient or outpatient, is not reported. 
In our study, drains were routinely removed in the morning 
when drainage over the previous 24 hours was less than 50 
mL. Outpatients were checked with percutaneous aspiration 
for fluid accumulation twice in the following 7 days. 

Our results understandably contradict those of Lotze et al,’ 
since there were major differences in the populations studied 
and the methods used. 

Since time of exercise initiation made no difference to ser- 
oma formation, it was included with the other potentially 
predictive variables regarding seroma formation. Only high 
numbers of positive lymph nodes and, less importantly, pres- 
ence of a previous surgical biopsy predicted greater volume 
and duration of drainage. Although other theories might be 
proposed, the following two come to mind. In patients with 
many positive lymph nodes, the lymphatic channels remain- 
ing after axillary lymphadenectomy are relatively “blocked” 
by tumor emboli. A previous biopsy might have enlarged and 
maximally stimulated lymphatic vessels and these vessels 
might already be in the process of narrowing again when the 
axillary lymphadenectomy is performed. Whether or not 


these two theories, or others, are correct, most will agree that 
the two variables of large numbers of positive lymph nodes 
and the presence of a previous biopsy have an effect on 
lymphatic channels. For example, in a patient with inoperable 
breast cancer with extensive axillary involvement, one may 


see lymphedema due to blacked lymphatic channels. As re- 


gards a previous surgical procedure, patients usually have 


Since early exercise was not shown to increase seroma 
formation, early rehabilitation activities can be initiated. Me- 
morial Hospital has conducted the Breast Surgery Rehabili- 
tation Group for patients undergoing breast surgery since 
1971. It is a multidisciplinary group, co-led by a physical 
therapist, a nurse, and a social worker. Participation in this 
group is prescribed by the patient’s surgeon to begin on 
postoperative day 2. Range of motion exercises are taught by 
the physical therapist; emozional concerns are discussed by 
the social worker; and self-care activities, including incisional 
care, hand and arm precautions, fulfilling previous roles, and 
how to wear temporary and permanent prostheses, are 
taught by the nurse. 

The definition of delayed exercise may or may not include 
immobilization of the affected extremity to the chest wall by 
either a sling or an elastic wrap. This procedure serves to 
prolong the sick role, delaymg rehabilitation and emotional 
adjustment. Independent acivities of daily living, specifical- 
ly hygiene, eating, toileting, and writing, are restricted, 
especially if the woman’s dominant hand is involved. 

Breast surgery is already recognized as having a major 
impact on a woman's perception of her femininity, sexuality, 
and ability to fulfill work and homemaker roles. Immobiliza- 
tion of the arm further distorts patients’ perceptions of their 
self-image. The loss of independence compounded by altered 
self-perception of body image has strong implications for 
affecting the patients’ quality of life after breast surgery. The 
benefits of early rehabilitation seem to outweigh the disad- 
vantages of delaying exercise and movement of the arm. 
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Oncocytic Carcinoma of the Male Breast 
Michael J. Costa, MD, Steven G. Silverberg, MD 


Primary oncocytic carcinoma of the breast was diagnosed in a 76-year-old man. The histologic and electron 


microscopic features are characteristic of oncocytic neoplasms that occur at other sites, such as salivary glands 
and endocrine organs. The pathologic features and the presence of estrogen receptors biochemically are distinct 
from apocrine carcinoma. The patient is alive 7 years after modified radical mastectomy without additional 
chemotherapy or radiotherapy (Arch Pathol Lab Med. 1989;113:1396-1399). 

Reprint requests to Department of Pathology, George Washington University Medical Center, 2300 Eye St NW, Washington, 


DC 20037 (Dr Silverberg). 
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A SUCCESSFUL TREATMENT OUTCOME 
FOR MANY PATIENTS* 


INTRAVENOUS 


IN | 


(Imipenem-Cilastatin Sodium|MSD) 


*In one study, 90% of 135 patients with clinical signs of infection and two positive blood 
cultures were cured or improved (66% Cured, 24% Improved). Eron, L. J.: lmipenem/ 
cilastatin therapy of bacteremia, Am. J. Med. 78(Suppl. 6A): 95-99, June 7, 1985. 
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Contraindications: PRIMAXIN® (Imipenem-Cilastatin Sodium, MSD) is contraindicated in 
patients who have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (anaphylactic) REAC- 
TIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. 
THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HISTORY OF SENSITIVITY 
TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN HYPERSENSI- 
TIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED 
WITH ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH ‘PRIMAXIN,’ CAREFUL 
INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OTHER BETALACTAMS, AND OTHER ALLERGENS. IF AN 
ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPER- 
SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibiotics, including PRIMAXIN; 
therefore it is important to consider its diagnosis in patients who develop diarrhea in association 
with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 
severe cases, manageme may include sigmoidoscopy, appropriate bacteriological studies, 
fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomycin, 
as Ltt Isolation of the patient may be advisable. Other causes of colitis should also be 
considered. 


Precautions: General- CNS adverse experiences such as confusional states, myoclonic activity, 
and seizures have been reported during treatment with PRIMAXIN, especially when recom- 
mended dosages were exceeded. These experiences have occurred most commonly in patients 
with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised renal func- 
tion. However, there have been reports of CNS adverse experiences in patients who had no rec- 
ognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing hemo- 
dialysis, had a higher risk of seizure activity when receiving maximum recommended doses than 
*hose with no impairment of renal function; therefore, maximum recommended doses should 
be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m? should not receive PRIMAXIN unless 
hemodialysis is instituted within 48 hours. | 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs the 
potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy if 
not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it should 
be decreased or the antibiotic discontinued. 


As with ather antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsuscepti- 
ble organisms. Repeated evaluation of the patient’s condition is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. While PRIMAXIN possesses the 
characteristic low toxicity of the beta-lactam group of antibiotics, periodic assessment of organ 
system function during prolonged therapy is advisable. 


Drug Interactions — Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recommended 
that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or pascal added to other antibiotics. However, 
ae may be administered concomitantly with other antibiotics, such as aminoglyco- 
sides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility - Gene toxicity studies were performed in 
a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mammalian 
cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


ame a tests in male and female rats were performed with PRIMAXIN at dosage levels up 
to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted to the 
highest dosage level. No other adverse effects were observed on fertility, reproductive perfor- 
mance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse effects on 
the fetus-or on lactation were observed when PRIMAXIN was administered to rats late in gesta- 
tion. 

Pregnancy — Pregnancy Category C: Praegenoty studies with cilastatin sodium in rabbits and 
rats at 10 and 33 times the usual human dose, respectively, showed no evidence of adverse 
effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth or behav- 
ior was observed in rats given imipenem at dosage levels up to 30 times the usual human dose. 
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Similarly, no evidence of adverse effect on the fetus was observed in teratology studies in rabbits 
with imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN® (Imipenem-Cilastatin Sodium, MSD) at doses up to 11 times 
the usual human dose in pregnant mice and rats during the period of major organogenesis 
revealed no evidence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to PRIMAXIN (including emesis, 
inappetence, body weight loss, diarrhea, and death) at doses equivalent to the average human 
dose in pregnant rabbits and cynomolgus monkeys that is not seen in nonpregnant animals in 
these or other species. In other studies, PRIMAXIN was well tolerated in equivalent or higher 
doses (up to 11 times the average human dose) in pregnant rats and mice. Further studies are 
under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in pregnant women. PRIMAXIN 
should be used only if the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers — It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is administered 
to a nursing woman. 


Pediatric Use — Safety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients treated in 
clinical trials were severely ill and had multiple background diseases and physiological impair- 
iha i i it difficult to determine causal relationship of adverse experiences to therapy with 


Local Adverse Reactions — Local adverse clinical reactions that were reported as possibly, prob- 
ably, or definitely related to therapy with PRIMAXIN were: phiebitis/thrombophlebitis (3.1 gt 
pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration (0.2% 
infused vein infection (0.1%). 


Systemic Adverse Reactions — The most frequently reported systemic adverse clinical reactions 
that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea vani, vomiting (1.5%), rash TE, fever (0.5%), hypotension 025) 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2% 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely drug 
related occurring in less than 0.2% of the patients or reported since the ri was marketed are 
listed within each body system in order of decreasing severity: Gastrointestinal - 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, hepatitis (rarely), gastroen- 
teritis, abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, 
increased salivation; CVS — encephalopathy, tremor, confusion, myoclonus, paresthesia, ver- 
tigo, headache, psychic disturbances; Special Senses — transient hearing loss in patients with 
impaired hearing, tinnitus, taste perversion; Respiratory—chest discomfort, dyspnea, hyperven- 
tilation, thoracic spine pain; Cardiovascular — palpitations, tachycardia; Skin — toxic epidermal 
necrolysis (rarely), erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole — polyarthralgia, asthenia/weak- 
ness; Renal-acute renal failure (rarely), oliguria/anuria, polyuria. The role of PRIMAXIN in 
changes in renal function is difficult to assess, since factors predisposing to pre-renal azotemia 
or to impaired renal function usually have been present. 


Adverse Laboratory Changes — Adverse laboratory changes without regard to drug relationship 
that were reported during clinical trials or reported since the Pay nee marketed were: Hepatic — 
increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic — increased eosino- 
phils, positive Coombs test, decreased WBC and neutrophils, including agranulocytosis, 
increased WBC, increased platelets, decreased platelets, decreased hemoglobin and hemato- 
crit, increased monocytes, abnormal prothrombin time, increased lymphocytes, increased 
basophils; Electrolytes - decreased serum sodium, increased potassium, increased chloride; 
Renal — increased BUN, creatinine; Urinalysis — presence of urine protein, urine red blood cells, 
urine white blood cells, urine casts, urine bilirubin, and urine urobilinogen. 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maximum 
total daily dosage not exceed 50 mg/kg/day or 4.0 g/day, whichever is lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, and 
single-dose ADD-Vantage** vials containing imipenem anhydrous and cilastatin sodium as fol- 
lows: 250 mg imipenem equivalent and 250 mg cilastatin equivalent: 500 mg imipenem equiva- 
lent and 500 mg cilastatin equivalent. 

Caution: The suspension from vials is not for direct infusion. M S D 
*Registered trademark of Abbott Laboratories. Inc. 
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Original Articles 


Comparison of Magnetic Resonance Imaging 


and Computed Tomography in the 


Preoperative Staging of Rectal Cancer 


Claude Guinet, MD, PhD; Jean-Noél Buy, MD; Michel A. Ghossain, MD; Alain Sézeur, MD; Alain Mallet, MD; 


Jean-Michel Bigot, MD; Dominique Vadrot, MD; Jean Ecoiffier, MD 


è Nineteen patients with middle and lower rectal carcinomas 
were operated on, with abdominoperineal resection in 10 pa- 
tients, lower anterior resection with coloanal anastomosis in 6 
patients, and colorectal anastomosis in 3 patients. The distance 
of the lower margin of the tumor to insertion of the levator ani on 
the rectal wall was correctly evaluated by computed tomography 
in 12 (63%) of 19 patients and by magnetic resonance imaging in 
13 (68%) of 19 patients, while digital examination correctly as- 
sessed the distance in 15 (79%) of 19 patients. Computed tomog- 
raphy and magnetic resonance imaging were unable to assess 
extension through the rectal wall. No significant difference was 
observed between computed tomography and magnetic reso- 
nance imaging in assessing extension to the perivesical fat, 
adjacent organs, pelvic side wall, or lymph nodes. According to 
the TNM classification, magnetic resonance imaging correctly 
staged 74% (14/19) of carcinomas, while computed tomography 
correctly staged 68% (13/19). 

(Arch Surg. 1990;125:385-388) 


j Bok studies’* have used computed tomography (CT) 
and magnetic resonance imaging (MRI) in the preoper- 
ative staging of rectal carcinoma. However, it is too early to 
evaluate the role of MRI.‘ To our knowledge, no precise 
comparison between these two techniques using statistical 
methods has been made. Therefore, we conducted a prospec- 
tive study to precisely compare CT and MRI in the preoper- 
ative staging of rectal carcinoma. This comparison was also 
performed in the determination of the precise relationship of 
the tumor with the levator ani muscle. These comparisons 
were quantified by using a statistical matched-pairs 
technique.’ 


PATIENTS AND METHODS 


Nineteen patients with primary rectal carcinomas were studied 
with both MRI and CT from October 1985 to June 1988. There were 14 
men and 5 women, 49 to 78 years old (mean, 66 years). All cases were 
confirmed by rectoscopic biopsy before imaging. 
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The lower margins of all tumors were within 8 cm of the anal verge 
by digital examination (mean [SD], 5.4 [1.7] em). Rectoscopy mea- 
surements were, in comparison, 5.8 (1.8) em. Computed tomography 
was performed from 2 days prior to MRI to 6 days after MRI (mean, 
both performed on the same day). No preoperative radiotherapy was 
performed. All patients underwent surgery within a mean 10-day 
period. 

The treatment consisted of 10 abdominoperineal resections 
(APRs), 6 lower anterior resections (LARs) with coloanal anastomo- 
sis, and 3 LARs with colorectal anastomosis. Usual dissections of 
lymph nodes (including those along middle hemorrhoidal vessels) 
were performed in all cases. The mean height of the tumors was 4.1 
em (SD, 1.2 cm). The location of the tumor in the transverse plane was 
exacted using a clock dial representation with the posterior midline 
located at the 6-o’clock position (mean, 5.5 [SD, 3.5). Histologic 
types were adenocarcinoma (18 cases) and undifferentiated (1 case). 
The TNM’ classification of the tumors was T1, NO (n=1), T2, NO 
(n= 11) (7 limited to the rectal wall, 4 involving the perirectal fat), T2, 
N1 (n=6) (8 limited to the rectal wall, 3 involving the perirectal fat), 
and T4, N1 (n=1). In 2 patients, the tumors staged T2, N1 were 
associated with liver metastases. 

Magnetic resonance imaging was performed using a 0.5-T super- 
conducting magnet (Magniscan 5000, General Electric-CGR, Paris, 
France) and a 1.5-T superconducting magnet (Gyrosean, Philips, 
Best, the Netherlands). Patients were placed in a supine position and 
the bladder was kept as full as possible during the examination. In all 
patients, 12-mm-thick slices were obtained in the transverse plane 
using the multislice spin echo technique. Slices were contiguous or 
separated with a relative gap of 10%. T -weighted images were 
obtained using sequences repeated with repetition time ranging from 
400 (echo time of 28 milliseconds) to 500 milliseconds (echo time of 
20 milliseconds). Sequences repeated with repetition time ranging 
from 1200 (echo time of 40, 80, and 120 milliseconds) to 2000 millisee- 
onds (echo time of 50 and 100 milliseconds) were able to produce 
T,-weighted images on late echoes. According to the site of the lesion, 
additional slices were performed in coronal or sagittal planes and then 
T,- and T,-weighted images were produced. Field of view ranged 
from 400 mm to 450 mm and the acquisition was made on a 256 x 256 
matrix. 

Computed tomography was performed using a scanner (Excel 
1800, Elscint, Haifa, Israel) with a 4-second scan time. Sean circle 
diameter was 350 mm, giving a resolution of 5.5 pixels/em. A double 
bolus of 60 mL of intravenous contrast material was routinely in- 
jected. One liter of oral contrast medium was given to the patient 1 
hour before examination, and 300 mL of rectal contrast was also 
administered. Ten-millimeter-thick slices were achieved from the 
inferior mesenteric artery to the pubic symphysis. 

Magnetic resonance imaging or CT scans were interpreted inde- 
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pendently by two of us (C.G., J-N.B., M.A.G., or D.V.) without 
knowledge of the other imaging data. First, distance between the 
lower part of the tumor and the levator ani muscle was measured. On 
transverse images, the plane demonstrating insertion of the levator 
ani muscle on the rectal wall was chosen at the boundary of the 
ischiorectal fossa and the subperitoneal space, more precisely, at the 
level where the perirectal fascia vanishes.” Magnetic resonance 
imaging results were also correlated when possible with sagittal or 
coronal data. Patients having a tumor whose distance from the lower 
margin to the levator ani was less than 2 cm were considered candi- 
dates for APR, and those with a tumor whose distance was 2 cm were 
considered eligible for LAR. Second, MRI and CT staging were 
performed using TNM classification without knowledge of the patho- 
logic findings. Magnetic resonance imaging and CT results were 
correlated in all cases with the surgical report and pathological exami- 
nation of the surgical specimen. Three parameters were evaluated: 
(1) local extension to the perirectal fat, (2) extension to the adjacent 
pelvic organs or the pelvic wall, and (8) presence or absence of 
lymphadenopathy along the usual lymphatic spread. 

On MRI, mural involvement was assessed by localized rectal wall 
thickening (=0.5 cm*) and by the contrast between tumor and normal 
rectal wall (especially on T,-weighted images). Invasion of the perir- 
ectal fat by tumor was considered when a soft-tissue mass having a 
signal intensity similar to that of the primary tumor extended in the 
perirectal fat. This finding was evaluated on both T,- and T,-weighted 
images. Association of the previous findings with streaky densities 
extending from the adjacent tumor’””’” was also recorded as a 
positive sign of perirectal fat invasion. In the same way, perirectal 
fascia thickening (halo sign) involved in rectal cancer”**"””* was also 
noted. A mass having a signal intensity similar to the signal intensity 
of the primary tumor that extended into an adjacent organ and 
produced a change in the anatomic configuration of that organ was 
considered as evidence of involvement of that organ. This extension 
was assessed on both T,- and T,-weighted images. Computed tomo- 
graphic findings for extension beyond the rectal wall were analyzed 
according to previously published criteria.’"”™ 

Pararectal nodes and extension to the normal lymphatic pathways 
were recorded. Nodes with intermediate signal on short repetition 
time sequences with absence of rephasing effects on even echoes, and 
tissue densities without early contrast enhancement after bolus injec- 
tion on CT images were considered as evidence of presence of a lymph 
node. According to our experience, pararectal nodes greater than or 
equal to 6 mm were considered as invaded lymph nodes. In the same 
way, distant lymph nodes were considered abnormal when the short 
axis of the node was greater than or equal to 10 mm in diameter. 

Usual statistical indicators with confidence intervals (P = .05) were 
calculated.” Statistical analysis used data from the matched-pairs 
technique.’ Binomial probability associated with observed values of 
discordances under the hypothesis of equal performance (noted H0) of 
MRI and CT in the different items of TNM staging were also 
calculated. 


RESULTS 
Tumor Localization 


Magnetic resonance imaging precisely localized the lower 
margin of 14 of 19 tumors, while CT nicely depicted the lower 
margin of 16 of 19 tumors. For 10 patients treated by APR, 
MRI localized the lower margin in 6 patients and CT in 7 
patients. Magnetic resonance imaging and CT predictions 
were identical in 9 of the 10 patients (APR planed 5 of 9 
patients) and different in 1 patient (APR was predicted by CT 
and no conclusion was given by MRI). Magnetic resonance 
imaging predicted APR in 5 of 10 patients and CT in 6 of 10 
patients. The comparison on MRI and CT in the prediction of 
APR is shown below: 





CT Results 
MRI Results APR LAR No Conclusion 
APR 5 0 0 
LAR 0 1 0 
No conclusion 1 0 3 


Digital examination predicted APR in 6 of 10 patients. 
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Among nine patients treeted by LAR, MRI localized the 
lower margin of the tumor m eight patients and CT in nine 
patients. Magnetic resonance imaging and CT findings were 
identical in seven patients (possibility of LAR planed in six of 
seven patients) and differen: in two patients (one planing by 
CT was true [no conclusion ky MRI], and one MRI prediction 
was true [APR was predicted by CT]). Magnetic resonance 
imaging and CT predictions were true in seven patients. A 
comparison of MRI and CT in the prediction of LAR is shown 
below: 





CT Results 
MRI Results APE LAR No Conclusion 
APR 6 1 
LAR 0 1 0 
No conclusion 1 0 0 


Digital examination predicted LAR in nine of nine patients. 
Perirectal Growth 


Perirectal growth was histologically proved in eight pa- 
tients (seven T2 and one T4). Magnetic resonance imaging and 
CT findings were identical ia six patients (four true-positive 
results and two false-negat*ve results). In these two false- 
negative results, only microscopic extension through the 
muscularis propria was noticed. In one of these two cases, 
histologically proved neoplastic nodules were missed by CT 
and detected by MRI but were considered as normal lymph 
nodes because of their small diameter (5 mm). Magnetic reso- 
nance imaging and CT resuks were different in two of eight 
patients (one MRI false-negative and one CT false-negative). 
In the MRI false-negative case, the perirectal fat was slightly 
involved. In the CT false-megative case, a 10-mm nodule 
(connected with the tumor) representing extension to the 
pelvic side wall missed by ST, was correctly identified by 
MRI because of the very gcod contrast on T,-weighted im- 
ages. A comparison of MRI end CT in evaluation of perirectal 
extension for tumors extending beyond the rectal wall is 
shown below: 





CT Results 
MRI Results True-Positive False-Negative 
True-positive 4 1 
False-negative 1 2 


Finally, extension to perirectal fat was detected in five of 
eight patients by MRI and CT; MRI and CT sensitivities were 
equal to 0.63 (range, 0.25 to ).91). The probability associated 
with observed differences under H0 is 1. 

Eleven patients had no hstological extension beyond the 
muscularis propria. Magnet resonance imaging and CT re- 
sults were identical in 10 cf 11 patients (10 true-negative 
results). Magnetic resonance imaging and CT results were 
different in 1 case (1 CT false-positive result). A comparison of 
MRI and CT in evaluation of integrity of perirectal fat for 
tumors limited to the rectal wall is shown below: 





CT Results 
MRI Results True-Negative False-Positive 
True-negative 4 1 
False-positive 1 2 


In this case, the tumor located in the middle third of the 
rectum had an important inflammatory stroma. Integrity of 
perirectal fat was assessed ir 11 of 11 patients by MRI (speci- 
ficity, 1 [range, 0.71 to 1]) and in 10 of 11 patients by CT 
(specificity, 0.91 [range, 0.59 to 1]). The probability associ- 
ated with observed discordances under H0 is still 1. 

Streaky densities radiating from the tumor in the perirectal 
fat were seen by MRI in two of eight and by CT in four of eight 
cases of tumor histologically involving the perirectal fat. On 
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the other hand, no streaky density was seen by MRI or CT in 
the 11 cases of tumors limited to the rectal wall. Thickening of 
perirectal fascia was seen by both MRI and CT in two of eight 
and by CT only in one of eight cases of tumors involving 
histologically the perirectal fat. In the two cases, the thicken- 
ing was associated with the presence of streaky densities 
previously noted. No thickening was observed in the 11 tu- 
mors limited to the rectal wall. 


Extension to Adjacent Organs and to the Pelvic Wall 


Extension to the pelvic wall was proved histologically in 
one case. Magnetic resonance imaging detected the invasion 
(one MRI true-positive), whereas CT did not (one CT false- 
negative). A comparison of MRI and CT in evaluation of 
adjacent organ invasion is shown below: 





CT Results 
MRI Results True-Positive False-Negative 
True-positive 0 1 
False-negative 0 0 


Magnetic resonance imaging and CT results were identical for 
the 18 of 19 patients with no histologically proved invasion of 
adjacent organs. A comparison of MRI and CT in evaluation of 
adjacent organ invasion is shown below: 





CT Results 
MRI Results True-Negative False-Positive 
True-negative 18 0 
False-positive 0 0 
Lymph Nodes 


As said elsewhere,’ we distinguished perirectal lymph node 
involvement and distant lymph node involvement. In seven 
patients with involvement of perirectal lymph node disease, 
MRI and CT findings were identical in six (three true-positive 
results, three false-negative results). False-negative results 
were due to a measured node diameter less than 6 mm. 
Magnetic resonance imaging and CT results were different in 
one of seven patients (one MRI false-negative due to the 
nonvisualization of the invaded node). A comparison of MRI 
and CT in evaluation of pararectal lymph node invasion is 
shown below: 





CT Results 
MRI Results True-Positive False-Negative 
_ True-positive 3 0 
False-negative 1 3 


Magnetic resonance imaging detected the extension in three 
of seven patients (sensitivity, 0.43 [range, 0.10 to 0.82]) and 
CT detected it in four of seven patients (sensitivity, 0.57 
[range, 0.18 to 0.90]). The probability associated with ob- 
served discordances under HO is 1. In 12 patients without 
pathological finding of node extension, MRI and CT were 
equal in 11 of 12 patients (1 false-positive result). In this case, 
an 8-mm nodule was misinterpreted as an invaded lymph 
node, whereas a tumorous nodule was diagnosed by patholog- 
ic study. Magnetic resonance imaging and CT were different 
in 1 of 12 patients. In this case, a 6-mm nodule seen on CT 
images appeared to be 4 mm on MRI. A comparison of MRI 
and CT in evaluation of pararectal lymph node integrity is 
shown below: 





CT Results 
MRI Results True-Negative False-Positive 
True-negative 10 1 
False-positive | 0 1 


Magnetic resonance imaging was true in 11 of 12 patients 
(specificity, 0.92 [range, 0.61 to 1]) and CT was true in 10 
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(specificity, 0.88 [range, 0.52 to 0.98]). The probability associ- 
ated with this discordance is 1. 

In 1 patient with distant node involvement, MRI and CT 
were identical (1 true-positive result). In this case, diameter 
of the node was equal to 15 mm by MRI and 13 mm by CT. In 
the remaining 18 patients, MRI and CT results were also 
identical (18 true-negative results). 


TNM Staging 


Concerning TNM staging, MRI and CT were identical in 16 
of 19 tumors (18 were correctly staged, 1 T2, NO was over- 
staged as T2, N1, and 2 T2, N1 were understaged as T2, NO). 
Magnetic resonance imaging and CT were different in 3 of 19 
patients. One N1 tumor was understaged by MRI and cor- 
rectly staged by CT, while CT understaged 1 T4, N1 tumor as 
T2, N1 and overstaged 1 T2, NO tumor as T2, N1 (both were 
correctly staged by MRI). A comparison of MRI and CT in 
TNM classification is shown below: 





CT Results 
MRI Results T1 and T2, NO Ti and T2,N1 T4,N1 
Tl and T2, NO 13 1 0 
T1 and T2, N1 1 3 0 
T4, N1 0 1 0 


Finally, MRI correctly staged 14 of 19 tumors; 1 was over- 
staged (T2, N1 instead of T2, NO) and 4 were understaged 
(T2, NO instead of T2, N1). Computed tomography correctly 
staged 13 of 19 tumors; 4 were understaged (1 was staged as 
T2, N1 instead of T4, N1, and 3 were staged as T2, NO instead 
of T2, N1), and 2 were overstaged (T1, N1 instead of T1, N0). 


COMMENT 


Many articles have assessed the value of MRI“ and CT*“ in 
preoperative staging of rectal carcinoma. One of the main 
problems in the therapeutic approach is to define precisely the 
position of the lower margin of the tumor relative to the 
levator ani to plan a conservative surgery; thus, a preoper- 
ative evaluation is of great importance. Our study demon- 
strates that MRI in 12 (63%) of 19 patients and CT in 13 (68%) 
of 19 patients correctly predicted the type of intervention. 
Conclusions of MRI and CT were quite similar; however, 
imaging planing is inferior to digital examination predictions 
(15 of 19). Thinner slices (up to 2 mm) may improve accuracy of 
the measurement. 

Moreover, this study seems to prove that frontal or coronal 
sections are not usually necessary in evaluating the position of 
the lower margin of the tumor related to the levator ani. This 
is not amazing, as the perirectal fascia is usually very nicely 
depicted in transverse sections of MRI and CT and disappears 
in caudal sections at the level of the levator ani.” Further 
sagittal sections are useful when the rectum is lying on the 
levator plane. No case of invasion of the levator ani muscle 
was displayed as happened in the series of Hodgman et al.” 
Many studies evaluated the ability of MRI’ and CT*™ sepa- 
rately and by comparison’ in the tumor extension into the 
perirectal fat. Although changes of fat were always better 
seen with MRI than with CT in the series of Butch et al,’ our 
results demonstrate that both methods are quite similar. This 
seems logical since contrast between fat and rectum wall is 
excellent with both MRI and CT.’ Presence of a halo sign can 
be helpful but must be interpreted in the absence of radiation 
or previous surgery.” Streaky densities are very suggestive 
of perirectal invasion but were only seen on MRI in two of 
eight and on CT in four of eight cases of tumor involving the 
perirectal fat; here, MRI and CT seem similar. Microscopic 
extension was impossible to diagnose with both methods, as 
occurred in the series of Hodgman et al. 

The ability of MRI and CT to assess the invasion of adjacent 
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organs has already been reported.’ However, the number of 
cases that have been published is too limited. In our series, 
only a case of invasion of the pelvic side wall was detected by 
MRI on both T,- and T,-weighted images, while it was missed 
on CT scan very likely because of the small size and poor 
contrast between lesion and muscle. However, no definite 
conclusion can be made about the comparison of both methods 
in this field. Moreover, no false-positive result has been found 
by MRI or CT, and both methods seem identical. 

Perirectal lymph nodes are impossible to distinguish from 
tumorous nodules*” with CT and MRI. The necessity of defin- 
ing threshold values of the diameter of invaded pararectal 
lymph nodes and distant lymph nodes has already been sug- 
gested.” However, these thresholds in different territories 
have been defined retrospectively in a sample of carcinomas of 
the rectum. To our knowledge, no study until recently has 
been performed in normal subjects, as was the study of Glazer 
et al” about mediastinal lymph nodes. No significant differ- 
ence in both methods has been observed in our series. Howev- 
er, rephasing on echoes can even be helpful in differentiating 
small lymph nodes from vessels. Butch et al’ described a case 
of a 15-mm lymph node showing benign reactive hyperplasia 
but did not mention the precise site of the node. 

Concerning TNM staging, MRI and CT were unable to 
evaluate extension through the rectal wall, and no difference 
between T1 and T2 lesions could be noted. Magnetic reso- 
nance imaging correctly staged 14 of 19 tumors, whereas CT 
correctly staged 13 of 19. These results are different from the 
results of Hodgman et al,” where CT was declared superior to 
MRI in TNM staging, and are consistent with those of Butch 
et al, where MRI was declared equal to or better than CT. 


CONCLUSION 


Our results do not weaken the hypothesis of equal perfor- 
mance of MRI and CT in both TNM staging of rectal carcino- 
ma and in measuring the relationship of the tumor with the 
pelvic floor. Moreover, the low number of observed discor- 
dances implies that to demonstrate a significant difference 
between MRI and CT would require a large number of pa- 
tients. In that case, the utility of such a study is questionable. 


However, our study shows tat the possibility of MRI and CT 
localizing the lower margin of the tumor is equally elusive, 
and that the accuracy of MRI and CT in TNM staging of rectal 
carcinoma is as low as 74% and 68%, respectively. Improve- 
ment of these two fields may occur by the use of thinner slices 
and by a better knowledge of normal rectal lymph nodes. 
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The Use of Autologous Blood: The National Blood Resource Education Program Expert 


Panel 


The risk of transmitting disease through blood transfusions continues to fall as additional blood donor 
screening and testing measures are implemented. Nevertheless, when a blood transfusion is needed during 
the perioperative period, autologous blood is the safest option for eligible patients. Three methods for 
obtaining autologous blood to use during or after a planned surgical procedure are preoperative autologous 
blood donation, perioperative blood salvage, and acute normovolemic hemodilution. These techniques can be 
used alone or in combination to decrease or eliminate a patient’s exposure to homolozous blood. However, 
because all transfusions carry some health risk and blood administration costs, autologous blood should not 
be collected or reinfused indiscriminately. Autologous blood services should be used foreligible patients who 
are likely to require a transfusion but should not be employed for minor procedures ir which transfusion is 


unlikely (JAMA. 1990;263:414-417). 


Reprint requests to Coordinator, NBREP, National Heart, Lung, and Blood Institute, Bldg 31. Room 4A05, Bethesda, 


MD 20892 (Susan D. Rogus, RN, MS). 
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Achievements of Physical Therapy in Patients 
After Modified Radical Mastectomy Compared 
With Quadrantectomy, Axillary Dissection, 


and Radiation for Carcinoma of the Breast 


Haim Gutman, MD; Tali Kersz; Tali Barzilai; Menashe Haddad, MD; Raphael Reiss, MD 


è Flexion of the shoulder, abduction, and external rotation in 
90° abduction are impaired after operations for breast cancer. We 
compared postoperative range of motion in 27 patients who 
underwent modified radical mastectomy and 21 patients who 
underwent quadrantectomy with axillary dissection and radia- 
tion therapy. The patients in the quadrantectomy group demon- 
strated a significantly higher range of flexion on postoperative 
day 1 and the day of suture removal. After 3 months, all patients 
had regained their preoperative range of flexion, with no differ- 
ence between the groups. The better compliance of the quadran- 
tectomy group to physical therapy may indicate that they suffer 
less pain and require a briefer or less intensive course of physical 
therapy. | 

(Arch Surg. 1990;125:389-391) 


adical mastectomy for carcinoma of the breast was de- 

scribed by Halsted in 1882. Since then, there has been a 
tendency toward a decrease in the extent of resection. Patey 
and Madden established the modified radical mastectomy 
(MRM), which was the most commonly used technique world- 
wide until 10 years ago.’ Veronesi et al,” Fischer et al,** and 
Basworth and Ottropin’ were able to demonstrate acceptable 
oncologic results with quadrantectomy, a new treatment that 
consisted of excision of the tumor and surrounding breast 
tissue, axillary dissection, and radiation therapy to the re- 
maining breast tissue. _ 

Flexion, abduction and external rotation in 90° abduction of 
the arm may become limited in the immediate postoperative 
period with both MRM and quadrantectomy operations. Pa- 
tients operated on by either method need intensive physical 
therapy to restore the complete range of movement in the 
shoulder.” The postoperative limitations of movement in the 
shoulder may be related to postoperative pain; length and 
tightness of scars; extent of the skin deficit; neural damage 
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due to poor surgical technique (lateral and medial pectoral 
nerve damage, leading to atrophy of the pectoralis major,’” 
long thoracic nerve damage, causing a winging scapula, or 
thoracodorsal nerve damage, leading to latissimus dorsalis 
atrophy); or brachial plexus damage due to hyperabduction of 
the arm on the operating table. 

Since the extent of quadrantectomy is less than that of 
MRM and the axilla is often approached via a separate inci- 
sion, one would expect to find it preferable in terms of physi- 
cal rehabilitation. 

In this trial we examined the range of movement achieved 
by patients after MRM and quadrantectomy to characterize 
the immediate and delayed results of quadrantectomy and 
compare them with those of the classic MRM. 


PATIENTS AND METHODS 


All female patients admitted to the Department of Surgery B, 
Beilinson Medical Center, Petah Tiqva, Israel, for surgical treatment 
for T1 and T2 breast cancer from November 1987 to June 1988 entered 
the trial after they were informed of the alternative operative proce- 
dures and had chosen one of them. 

The group included 27 patients who underwent MRM, with an age 
range of 39 to 81 years (mean, 60 + 12 years) and 21 patients who chose 
quadrantectomy, with an age range of 24 to 80 years (mean, 55+ 15 
years) (Table 1). Groups were matched for age, with no significant 
difference between mean ages (t= 1.233, P<.1). 

The following patients were excluded: those who had undergone 
other operative procedures (eg, bilateral mastectomy, bilateral qua- 
drantectomy, unilateral mastectomy, and contralateral biopsy); 
those who had been treated by radiation to the chest wall in the past; 
those with preoperative neurologic deficits; and those with previous 
mastectomy or other operations on the chest. 

The trial was prospective, began on the day before operation, and 
lasted for 3 months postoperatively (approximately 1 month after 
completion of radiation). All patients were examined daily by a 
qualified experienced physical therapist. 

The measures examined and recorded were as follows: (1) flexion of 
the arm (range in degrees); (2) abduction of the arm up to 90° (range in 
degrees); (3) external rotation of the arm in 90° abduction (range in 
degrees); (4) total length of scars (in centimeters); (5) amount of 
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Table 1.—Age Group Distribution in the Modified Radical 
Mastectomy (MRM) vs Quadrantectomy Groups 


No. (%) of Patients 


Age, y Quadrantectomy MRM 
31-40 2 (9.5) 1 (3.7) 


61-70 4 (19.0) 6 (22.2) 
81-90 0 (0) 1 (3.7) 
Total 21 (100.0) 27 (100.0) 


Table 2.—Arm Flexion Range of Movement in the Modified 
Radical Mastectomy Group 


Range of Motion, ° 
oo 


Patient Day 0 Day 1 Day4 Days7-10 Day 100 


Mean+SD _ 169.07 
+6.09 


126.67 
+ 15.03 


155.00 
+11.79 


158.33 
+ 16.33 


168.89 
+6.57 





secretions drained (in milliliters); (6) activities of daily living, includ- 
ing putting on a shirt, combing hair, etc; and (7) monitoring of 
operative complications, such as wound infection, lymphorrhea, 
winging scapula, etc. 

Ranges were examined preoperatively as baseline and every post- 
operative day after the physical therapy. Patients were reexamined 
on the day of suture removal (7th to 10th postoperative day) and 3 
months after the operation (day 100). All measurements were per- 
formed by a goniometer. Physical therapy was identical in both 
groups. 

Statistical analysis was performed on a personal computer, using 
mean values, SD, Student’ t test, and x’ test as appropriate. 
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Table 3.—Arm Flexion Range of Movement in the 
Quadrantectomy Group 


Range of Motion, ° 


SE 
Day 0 Day 1 Day4 Days7-10 Day 100 
165 170 175 


Patient 


Mean+SD 171.90 
+5.66 


135.95 
+12.40 


155.95 
+9.83 


164.05 
+9.95 











Table 4.— Statistical Significance of Differences in Range of 
Flexion Between the Modified Radical Mastectomy and 
Quadrantectomy Groups 


0 (preoperative) 2.36 NS 
1 (postoperative) 3.30 .01 
7-10 (suture removal) 2.07 .05 


*NS indicates not significant. 









RESULTS 


Movement ranges of arm flexion in patients in the MRM 
and quadrantectomy groups showed improvement from day 
to day during physical therapy in the postoperative course. 
The quadrantectomy group demonstrated higher mean flex- 
ion range on postoperative days 1, 4, 7 to 10, and 100 (Tables 2 
and 3), but these results were statistically significant only on 
the first postoperative day and on the day of suture removal. 
After 3 months, all patients had regained their baseline 
range, with no difference between the two groups (Table 4). 

The range of flexion was compared as a percentage of 
baseline between the groups. Of the patients undergoing 
quadrantectomy, 17 (81%) reached over 70% of their baseline 
range in the first postoperative day, compared with only nine 
(33%) of the MRM group (P<.01, x’ test). These differences 
became much less prominent but still existed on the day of 
suture removal (Table 5). 

There were no differences in the mean values of the range of 
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Table 5.—Percentage of Baseline Range of Flexion in the 
Modified Radical Mastectomy (MRM) vs Quadrantectomy 
Groups on Postoperative Days 1 and 7 to 10 







No. (%) of Patients 














% of Day 1 Day 7-10 
Baseline 
Range MRM Quadrantectomy MRM Quadrantectomy 


91-100 O (0.0) 0 (0.0) 12 (44.4) 15 (71.4) 
81-90 2 (7.4) 2 (9.5) 9 (33.3) 4 (19.1) 







71-80 7 (25.9) 15 (71.4) 4 (14.8) 2 (9.5) 
51-60 3 (11.1) 1 (4.8) 1 (3.7) 0 (0.0) 
Total 27 (100.0) 21 (100.0) 27 (100.0) 21 (100.0) 








external rotation in 90% abduction between patients in the 
MRM and quadrantectomy groups. Most of them were able to 
rotate the abducted arm externally to over 90% of their 
baseline range within the first 24 postoperative hours. 

The total length of the scar was 21.2+3.4 em in the MRM 
group and 15.3+4.4 cm in the quadrantectomy group, a sig- 
nificant difference (t=5.154, P<.01), which may have had an 
influence on the range of motion in the early postoperative 
period. The amount of secretion collected via the closed vacu- 
um drainage systems (71.5 +45 mL and 34.8 + 40.5 mL on the 
first and third postoperative days in the MRM group and 
65.2+31.7 mL and 38.1+50.1 mL in the quadrantectomy 
group) did not differ significantly between the two groups. 
The wound infection rate was similar in both the quadrantec- 
tomy and MRM groups. These factors do not seem to be 
responsible for any difference in range of movement between 
the two groups. Winging scapula (mainly mild) was observed 
in four (14.8%) of the patients with MRM compared with one 
(4.8%) in the quadrantectomy group. This tendency did not 
reach statistical significance (y’ = 1.2792). 

Loss of flexion range was checked in the 23 patients in the 
MRM group without winging scapula compared with the 4 
patients in this group with winging scapula (Table 6). Winging 
scapula did not seem to influence the flexion range significant- 
ly and can be eliminated as a factor that inhibits shoulder 
function in the MRM group. 

More patients from the MRM group (11 [41%]) than from 
the quadrantectomy group (seven [33%]) required continuing 
physical therapy after leaving the hospital, but these differ- 
ences did not reach the level of statistical significance. Activi- 
ties of daily living were not impaired in both groups. 


COMMENT 


The high frequency of breast cancer and breast cancer 
operations creates a large group of patients potentially sub- 
ject to limitations in upper limb and shoulder mobility. With 
the absence of the monstrous lymphedema so common after 
Halsted’s radical mastectomy, severe invalidism is rarely 
encountered today after breast cancer operations. Approxi- 
mately half of patients with breast cancer still require or opt 
for the MRM procedure, although it seems that quadrantec- 
tomy, when feasible, is a more circumscribed operation that 
gives better cosmetic results,’ equal psychological adjust- 
ment," and potentially better upper limb function. 

Flexion of the arm and abduction over 90° are the most 
commonly impaired functions after operations for breast can- 
cer and may lead to significant invalidism if not treated.” 
Patients undergoing quadrantectomy achieve better flexion 
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Table 6.—Losses of Flexion Range on Days 1 and 7 to 10 in 
Patients With Modified Radical Mastectomy With and Without 
a Winging Scapula 

With Without 


Winging Winging 
Scapula 


E Scapula 


No. of patients 4 23 


Mean loss of range, ° 
Postoperative day 1 NS 45.00 41.35 


Postoperative day 7-10 NS 11.25 10.43 


*NS indicates not significant. 


range in the early postoperative period than do those under- 
going MRM, but these differences disappear within 3 months, 
most probably due to the continuing home physical therapy. 

Although the range of movement improves each day with 
postoperative physical therapy in both groups, there are still 
significantly higher ranges in the quadrantectomy group on 
the day of suture removal (7 to 10 days postoperatively). It 
seems that the smaller scars in this group cause less pain in 
the early postoperative period, thus contributing to the 
achievement of higher flexion ranges. 

Patients undergoing MRM achieve full range of movement 
later in the course of rehabilitation, require more physical 
therapy, suffer more pain, and have to expend more effort to 
regain the baseline range. The wound infection rates, rate of 
winging scapula, and amount of fluid drained might have been 
factors that influenced the range of movement, but they were 
found in the same extent or frequencies in both groups. 

The significant advantages in physical rehabilitation of pa- 
tients after quadrantectomy may be another argument in 
favor of this option for patients with T1 or T2 breast cancer. It 
is possible that quadrantectomy results in less pain and dis- 
comfort in the early postoperative period. The importance of 
physical therapy in this period should not be underestimated 
both in quadrantectomy and MRM groups, although the lat- 
ter group seems to require a more intensive and prolonged 
course. 
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Growth Delay in Postburn 


Pediatric Patients 


Randi L. Rutan, RN, BSN, David N. Herndon, MD 


è Dampened height and weight velocities have been observed 
in our postburn pediatric population. To validate this phenome- 
non, the medical records of 80 patients who had sustained a 
greater than 40% total body surface area burn, were older than 2 
years of age at the time of the burn, and were at least 1 year post 
burn were reviewed. All patients were treated with early excision 
of the burn wound within 72 hours of injury and received stan- 
dard post burn resuscitational and nutritional support. Admis- 
sion height and weight plots were within normal distribution 
parameters. Yearly growth velocities were calculated for up to 3 
years after the burn. Despite adequate nutritional support and 
maximal exercise and/or long-bone stresses, a profound growth 
arrest was noted during postburn year 1, which slowly resolved 
to near normal distribution by postburn year 3. This retrospective 
study demonstrates that severe thermal injury is associated with 
a growth delay in the pediatric population. The exact cause of this 
phenomenon remains unknown. 

(Arch Surg. 1990;125:392-395) 


ee thermal injury initiates a cascade of events that 
culminate in the depletion of protein and energy stores at 
a critical time when nutritional intake is compromised’ and 
metabolic requirements are nearly twice the normal require- 
ments.” Linear growth and weight gain are dependent on a 
number of factors, including an adequate nutritional intake, 
energy utilization, the regular release of pituitary and thy- 
roid/parathyroid hormones, and the psychosocial environ- 
ment. A deficiency in any one of these areas can result in 
growth retardation and/or arrest. Major catastophic illnesses 
have been demonstrated to produce a profound change in 
growth.” Growth changes can be transient (ie, disappearing 
with the resolution of the illness) or permanent (such as with 
intrinsic defects of endocrine function or with pathologic 
states, such as chronic renal failure). In severely burned 
patients, nail and hair growth are attenuated during the 
catabolic phase of burn response and it is believed that bone 
growth may also be slowed.*” Long-term studies of the 
growth patterns of burned children, however, have not been 
elucidated in the literature. 

Current trends in the treatment of thermal injury include 
early excision, tangentially or fascially, and wound closure 
with autologous and/or homologous skin grafting. Tangential 
excision usually allows the salvage of underlying subcutane- 
ous tissue and so preserves the adipose tissue and normal 
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body contours. Fascial excision removes not only the dena- 
tured dermal elements but also subcutaneous fat underlying 
the injured area. In addition, fat stores may be depleted to 
provide the energy for gluconeogenesis from existing protein 
stores or dietary supply. 

Growth hormone is the primary instigator of not only linear 
and weight growth, but also most anabolic activities of the 
body. The basal level of human growth hormone appears to be 
elevated at least through 35 days after the injury when com- 
pared with normal controls, and response to known provoca- 
tive stimuli is dampened.*° 

The short-term effects of protein and fat depletion are 
reflected in total body weight loss,” lean muscle mass loss,” 
immunologic compromise,” and poor or delayed wound heal- 
ing.' The long-term physical effects of the catabolism experi- 
enced by burned patients have yet to be quantitated. 

There is little in the literature concerning the subsequent 
growth patterns of severely burned children. Therefore, to 
validate this anecdotally observed phenomenon a retrospec- 
tive chart review was conducted. 


PATIENTS AND METHODS 


Height and weight data were abstracted from the medical records 
of 80 acutely burned patients admitted to this burn facility between 
1982 and 1986. All patients were older than 2 years of age when they 
sustained a greater than 40% total body surface area (TBSA) thermal 
injury, with at least 10% TBSA full thickness. Only the charts of the 
patients who were at least 1 year post burn were assessed. 

All patients were treated during their acute hospitalization with a 
similar aggressive therapy of total excision of the burn wound within 
72 hours of injury and wound coverage with meshed autograft over- 
layed with meshed cadaveric allograft. All patients were successfully 
resuscitated with albumin added, as needed, to maintain serum albu- 
min levels between 25 and 35 g/L. All surgically excised tissue was 
weighed and recorded. Nutritional supplementation was provided 
based on requirements calculated by this formula: 7560 kJ/m* of body 
surface area +9240 kJ/m” of body surface area burned per day. All 
patients received at least 90% of the calculated energy requirements. 
Additionally, all patients received dietary supplements of ascorbic 
acid, zine, vitamin A, and multivitamins with trace elements. Ambu- 
lation was initiated within 9 days of all grafting procedures when 
physically possible, or weight-bearing stress was provided with the 
use of a tilt table. All patients and primary care givers received home 
care instructions in the management of an increased energy and 
protein diet and appropriate exercise routines prior to discharge. 

Demographic data were abstracted and height and weight mea- 
surements plotted on standard growth charts” as admission assess- 
ments. Admission weights were individually corrected for the weight 
of tissue surgically excised. Maximal yearly height and weight gains 
were collected and annual growth velocities calculated for each indi- 
vidual up to postburn year 3, when possible. Growth velocities for 
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both parameters were then plotted on standard growth velocity 
charts” for postburn years 1, 2, and 3. Percentages of the population 
plotted within each percentile ranking were then calculated. Data for 
boys and girls were calculated separately due to the differing growth 
patterns between sexes. 

Confidence intervals were calculated at the 95% confidence level to 
assess the significance of the various percentages of the population at 
greater than and less than 2 SDs of the mean and the mean itself. 
Significance was accepted at P.<05. 


RESULTS 


The mean age, percent TBSA burn, and percent TBSA full- 
thickness injury for the group and for boys and girls are 
depicted in Table 1. Surgical excision of the burn wound was 
accomplished within 72 hours of admission, with a mean 
(+SEM) tissue loss of 1.8+0.3 kg. 

On admission, the patient population fell within essentially 
normal distribution patterns for both height and weight, 
although a significant number of boys were greater than 
2 SDs above the mean for weight. Table 2 summarizes these 
data. 

Fifty-three percent of the boys fell below the 50th percen- 
tile (the mean) for height on admission, compared with 76% of 
the boys at postburn year 1, and 75% of the boys at postburn 
year 2. By postburn year 3, however, only 40% of the boys 
were below the mean. Almost half (47%) of the boys were 
below 2 SDs of the mean (third percentile) in postburn year 1, 
and one third (830%) remained there at postburn year 2 (Fig 1). 

Of the female patients (n=29), 55% were below the mean 
for height for their ages on admission, compared with 69% of 
the girls who were below the mean at postburn year 1 and 76% 
at postburn year 2. At postburn year 3, 70% of the girls were 
below the mean. Ten percent of the girls were more than 
2 SDs below the mean on admission, but that number in- 
creased fourfold (41%) at postburn year 1 and remained there 
at postburn year 2 (Fig 2). Only 20% of the girls were more 
than 2 SDs below the mean at postburn year 3. 

Of the boys, only 18% were below the mean for weight on 
admission compared with 78% who were below the mean at 
postburn year 1 and 57% at postburn year 2. No boys fell more 
than 2 SDs of the mean for weight at admission, yet 39% were 
below the mean at postburn year 1, 8% were below the mean 


at postburn year 2, and only 4% were below the mean at 
postburn year 3 (Fig 3). 

Of the girls, 45% were below the mean for weight at admis- 
sion, 79% were at postburn year 1, 65% were at postburn year 
2, and 44% were at postburn year 3. Three percent of the girls 
were more than 2 SDs below the mean on admission but 55% 
were below the mean at postburn year 1. Only 12% of the girls 
were more than 2 SDs below the mean at postburn year 2 and 
11% were at postburn year 3 (Fig 4). 


Table 1.—Population Demographics 


Mean + SD 


p a 


TBSA 3rd 





No. of 














Population Patients Age, y TBSA, %* Degree, % 
Entire group 80 8.6+4.1 60+15 46 +24 
M 51 9.5+4.2 60+15 46 +23 
F 29 6.9+3.4 60+ 17 46 + 26 







*TBSA indicates total body surface area. 


Table 2.—Growth Velocity Distribution at Admission and at 
Postburn Years 1, 2, and 3 


Postburn Year, % 


At p 


Admission, % 





Variable 


1 2 3 
Below mean weight 
M 18 78* 57* 4 
F 45 79* 65 44 
>2 SDs below mean weight 
M 0 39* 8 4 
F 3 55* 12 11 
Below mean height 
M 53 76* T5" 40 
F 55 69 76 70. 
3 47* 30* 8 


>2 SDs below mean height 







M 
10 


*Significantly different from admission, P<.05. 


41* s >. ae 


Fig 1 .—Scatterplot on a standard growth velocity nomogram demonstrating 
the height growth velocities of the boys at postburn years 1, 2, and 3. 
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Height Velocity, cm/y 





Postburn Year 1 





Age, y 
Postburn Year 2 





1°23. 4 “S87 8 8 10 11 42 43 14 45-16 17:18 729 
Age, y 
Postburn Year 3 


Fig 2.—Height growth velocities of the girls plotted on a standard 
velocity nomogram, for postburn years 1, 2, and 3. 


Weight Velocity, kg/y 
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Fig 3.—Weight growth velocities of the boys plotted on a standard 
velocity nomogram at postburn years 1, 2, and 3. 


COMMENT 


Hypermetabolism and weight loss following severe ther- 
mal injury has been described extensively in the literature. 
This catabolic process is not obviated by early wound cover- 
age.“ Tissue loss associated with tangential and fascial exci- 
sion is partly responsible for the weight loss during the acute 
postburn period; however, the data presented here have been 
corrected for this tissue loss. Preliminary studies suggest 
that perhaps the removal of the subcutaneous fat layer may 
contribute to the inability of the patient to replenish energy 
and protein stores,” but assessment of the quantity of body 
fat during the acute period after the burn is difficult since 
standard anthropomorphic measurements are practically 
useless when the tissue is edematous. Despite the fact that a 
large number of boys were above 2 SDs of the mean for weight 
on admission, it was almost 2 years after the injuries occurred 
before growth patterns were comparable with admission 
data. 
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Linear growth is likewise diminished, despite reports in 
the literature of high circulating levels of growth hormone 
following thermal injury.** On admission, the group fell with- 
in essentially normal distribution patterns, indicating that 
they had met normal growth patterns. The group demon- 
strated drastic height velocity delays that did not return to 
normal until the third year after the burn. Hypermetabolism 
and protein wasting characteristic of burned patients is not of 
as great importance to linear growth as it is to weight. 

Human growth hormone is partly responsible for the ap- 
propriate incorporation of calcium, phosphorus, and other 
elements into the bone structure, which is the mechanism of 
linear growth. Since there is a high circulating level of growth 
hormone in burned patients, another mechanism must be 
responsible for the inability of these children to grow taller. In 
a series of burned rats, Bruno et al’ recently reported a 
depression in longitudinal bone growth during the immediate 
postburn period, although bone growth was noted to return to 
the appropriate rate once normal activities were resumed. 
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Fig 4.—Scatterplot of the girls on a standard velocity nomogram at 


postburn years 1, 2, and 3. 


The exact mechanism of this growth retardation is un- 
known. It is known, however, that adequate nutrition is 
required for normal growth. It may be that these patients 
have expended all energy stores during the acute postburn 
period and therefore are in a habitual deficit condition, ca- 
tabolizing virtually all consumed energy to maintain basal 
metabolic processes, leaving few resources for anabolic 
growth. 

In other serious medical conditions, once resolution of the 
injury is achieved, the patient experiences a period of explo- 
sive growth and is able to return to age/peer-group growth 


patterns. This catch-up growth spurt has been observed in 
other severe trauma conditions.* These data, however, do not 
seem to indicate that pediatric burn patients exhibit such a 
growth spurt. This study is indeed limited in its ability to 
hypothesize about the causes of the observed growth retarda- 
tion, but merely identifies the phenomenon. Further study 
into the physiologic mechanisms, as well as the potential 
psychologic factors that may influence the growth patterns of 
these postburn children, is necessary before any action can be 
taken to abate this occurrence. 
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Insulin Protects Against Muscle Proteolysis 


Induced by Septic Plasma 


Linda Mitchell, MD, Lawrence W. Norton, MD 


e Sepsis, like trauma, causes proteolysis of skeletal muscle. 
Insulin normally protects against muscle protein degradation. In 
earlier work using a rat muscle preparation, insulin inhibition of 
proteolysis decreased in the presence of plasma from injured 
patients. The current experiments tested the effect of plasma 
from septic patients on insulin inhibition in the same model. The 
mean value of protein degradation among eight septic plasma 
samples was 49% greater than the mean value among five normal 
plasma samples in soleus muscle and 45% greater in extensor 
digitorum longus muscle. In the presence of insulin, 10° mU/L, 
the increases in degradation with septic plasma were 42% in 
soleus muscle and 48% in extensor digitorum longus muscle. 
Insulin reduced degradation an average of 6% (soleus) and 10% 
(extensor digitorum longus) in normal plasma and 10% (soleus) 
and 8% (extensor digitorum longus) in septic plasma. In contrast 
to results of other studies, these experiments show that the 
protective effect of a moderate concentration of insulin in resist- 
ing muscle protein degradation is not significantly different in the 
presence of septic human plasma compared with normal plasma. 
This finding supports clinical efforts to decrease proteolysis in 
septic patients by the administration of insulin. 

(Arch Surg. 1990;125:396-398) 


epsis induces proteolysis of skeletal muscle.’ This results 

in negative nitrogen balance, muscle wasting, weight 
loss, and, in extreme circumstances, multiple organ failure.’ 
The stimulus for muscle protein degradation during sepsis is 
not fully identified. It may be a release of a piasty peptide 
derived from interleukin 1.° 

Endogenous insulin normally protects acclhat proteolysis 
by inhibiting skeletal muscle protein degradation and by stim- 
ulating protein synthesis.* Recent evidence suggests that the 
usual protective function of insulin is lost in stress states, such 
as severe trauma’ and sepsis.’ The loss is due primarily to the 
failure of insulin to inhibit protein breakdown. 

Previous studies showed that the plasma of injured pa- 
tients induced proteolysis in incubated rat skeletal muscles.’ 
Using the same in vitro model, we measured protein degrada- 
tion and synthesis in rat muscles exposed to plasma from 
normal or septic humans and determined whether insulin 
inhibited degradation and stimulated synthesis. 
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MATERIALS AND METHODS 
Patient Selection 


Plasma was obtained from three healthy adult volunteers and from 
two male patients awaiting elective herniorrhaphy on the Surgical 
Service of the Denver (Colo) VA Medical Center. These healthy 
subjects had no evidence of infection. Their mean age was 46 years. 
Plasma was also obtained from eight patients with sepsis in the 
Surgical Intensive Care Units of the VA Medical Center or the 
University of Colorado Health Sciences Center, Denver. Their mean 
age was 50 years. Criteria for sepsis were either hypotension associ- 
ated with two or more positive blood cultures, increased cardiac 
output (mean, 12.5 L/min), and decreased systemic vascular resis- 
tance (mean, 310 dyne/s/em~°) (three patients) or evidence of intra- 
abdominal abscess by computed tomographic scanning or ultrasono- 
graphy with or without bacteremia (five patients). (Table 1) All septic 
patients were febrile and receiving antibiotic therapy when studied. 
None had received steroid therapy or nonsteroidal anti-inflammatory 
drug therapy. Five had been operated on during the same hospitaliza- 
tion but not within 3 weeks of testing. Two had extensive burns and 
four had multiple organ failure. Six (75%) of the septic patients 
subsequently died. 


Plasma Preparation 


After informed consent was obtained, 30 mL of venous blood was 
drawn from each patient into an iced heparinized syringe. A low- 
molecular-weight plasma fraction was isolated by centrifuging the 
blood at 3000g for 15 minutes and filtering the plasma to exclude 
components of molecular weight greater than 50 000 d (Amicon XM 
50 membrane, Amicon, Beverly, Mass). 


Muscle Preparation 


For each of 13 experiments, six male albino Sprague-Dawley rats, 
60 to 75 g, were killed by cervical dislocation after an 18-hour fast. 
Bilateral soleus (red fiber, slow twitch) and extensor digitorum lon- 
gus (EDL) (white fiber, fast twitch) muscles were excised rapidly, 
trimmed of connective tissue, and weighed on a digital readout mi- 
croelectro balance. Soleus and EDL muscles in animals of this size are 
thin enough to permit in vitro diffusion of oxygen and nutrients.’ 
They behave as normal human muscle does when incubated. 

Each muscle was placed separately in a medium consisting of 
Krebs-Henseleit buffer, pH 7.4, saturated with a ratio of 95:5 oxygen 
to carbon dioxide. The medium also contained glucose (5 mmol/L), 
albumin (1 g/100 mL), and normal concentrations of rat amino acids, 
except for the absence of tyrosine. One soleus and one EDL muscle 
from each of three animals were incubated in 3 mL of media. The 
contralateral muscles were placed in 2.75 mL of media plus 0.25 mL of 
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Table 1.—Microorganisms Recovered From Blood and/or 
Abscess Cultures Among Eight Patients With Sepsis 


Blood Culture Abscess Culture 


Enterobacter 
Candida albicans 
Escherichia coli 
E coli, Pseudomonas 


Pseudomonas, Klebsiella 
Enterobacter, E coli 


E coli, Pseudomonas, 
Enterobacter 


C albicans E coli, Pseudomonas 


E coli E coli 


Skeletal Muscle Degradation, 
nmol of Tyrosine/mg of Muscle/2 h, 
Mean + SD 


Extensor 
Digitorum Longus 
0.338 + 0.056 
0.303 + 0.044 


Plasma Source Insulint Soleus 
0.384 + 0.059 
0.605 + 0.087 0.488 + 0.076 


0.546 + 0.046 0.449 + 0.054 
*The normal effect of insulin in inhibiting degradation was preserved in the 


presence of septic plasma. 
+10* mU/L. Plus sign indicates with insulin; minus sign, without insulin. 


Skeletal Muscle Synthesis, 
nmol of Tyrosine/mg of Muscle/2 h, 
Mean + SD 


; Extensor 
Digitorum Longus 
0.042+0.005 
0.050 + 0.002 


Plasma Source Soleus 

0.043 + 0.004 
0.054 + 0.008 
0.047 + 0.005 0.046 + 0.007 
0.049 + 0.005 0.056 + 0.007 


*The normal effect of insulin in stimulating synthesis was preserved in the 
presence of septic plasma. 
+10% mU/L. Plus sign indicates with insulin; minus sign, without insulin. 


Insulint 


filtered plasma. Preparations using the other three animals were 

identical except for the addition of insulin, 10° mU/L, to the media. 
Thus, triplicate runs for both plasma and plasma plus insulin were 
performed in each experiment. 

After 30 minutes of preincubation at 37°C to allow equilibration, 
each muscle was blotted gently and transferred to fresh medium, 
identical except for the addition of carbon 14 phenylalanine 
(0.05 Ci/mL) (ICN Radiochemicals, Irvine, Calif). Incubation was 
terminated after 2 hours by removing the muscle and homogenizing it 
in 3 mL of 10% trichloroacetic acid. The incubation medium was saved 
for the determination of tyrosine content. The excess albumin was 
precipitated by adding 0.34 mL of 100% trichloroacetic acid, re- 
frigerating it for at least 2 hours, centrifuging it, and then repeating 
the refrigeration and centrifugation process on the collected super- 
~ natant. 
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Protein Synthesis 


After the muscle tissue was homogenized in 3 mL of 10% trichloro- 
acetic acid, the sample was centrifuged at 10 000g for 10 minutes. The 
muscle pellet was washed twice with 3 mL of 10% trichloroacetic acid 
and once with 3 mL of 1:1 ethanol-ether solution. The muscle was 
suspended in 0.05 mL of water and 0.25 mL of Protosol (New England 
Nuclear, Boston, Mass), a tissue solubilizer, and allowed to set over- 
night. Five milliliters of CytoScint (West Chem Products, San Diego, 
Calif) was added to the muscle suspension. Intracellular uptake of 
“C phenylalanine was calculated from the measured radioactivity of 
the sample and the extracellular specific activity of “C phenylalanine 
(Beckman LS 250, Beckman Instruments Inc, Fullerton, Calif). Nan- 
omoles of phenylalanine incorporated into muscle tissue are readily 
converted to nanomoles of tyrosine as these amino acids maintain a 
constant ratio of 0.77 in rat skeletal muscle under a variety of 
conditions.“ 


Protein Degradation 


The incubated media samples were assayed for tyrosine using the 
fluorometric method of Waalkes and Udenfriend.” Tyrosine i is neither 
degraded nor synthesized i in rat skeletal muscle and thus is an accu- 
rate indicator of amino acid turnover.” Protein degradation was 
calculated to be the sum of the nanomoles of tyrosine released plus the 
nanomoles of tyrosine reincorporated into muscle, as determined 
from the “C phenylalanine uptake. 


Statistical Analysis 


Data were expressed as the mean (+SEM). For each plasma 
sample, protein synthesis and degradation were measured in tripli- 
cate under each condition of incubation (ie, with and without plasma 
and with and without insulin). Rates of protein synthesis and degra- 
dation were analyzed for the difference between plasma groups (nor- 
mal vs septic) by the analysis of variance. Posthoc Student's ¢ tests 
were done within the plasma groups (normal or septic) to analyze the 
effect of insulin in paired experiments. 


RESULTS 


The plasma of septic patients induced degradation of rat 
skeletal muscle protein in every instance. The mean value of 
degradation among eight septic plasma samples was 49% 
greater than the mean value among five norma! plasma sam- 
ples in soleus muscle (P<.01) and 45% greater in EDL muscle 
(P<.01) (Table 2). In the presence of insulin, 10° mU/L, the 
increases in degradation with septic plasma were 42% in 
soleus (P= .01) and 48% in EDL (P<.01). 

The effect of insulin in terms of protecting against protein 
degradation was similar for normal and septic plasma in both 
soleus and EDL muscle. Insulin reduced degradation 6% 
(soleus muscle) and 10% (EDL muscle) in the presence of 
normal plasma. With septic plasma, degradation was de- 
creased 10% (soleus muscle) and 8% (EDL muscle). The pro- 
tective effect of insulin in resisting muscle protein degrada- 
tion was not significantly different between normal and septic 
plasma samples. 

Rates of protein synthesis were not significantly different 
in preparations using normal or septic plasma (‘Table 3). Insu- 
lin, 10° mU/L, however, increased protein synthesis in the 
presence of both normal and septic plasma. The increases 
were 26% (soleus muscle) and 19% (EDL muscle) with normal 
plasma and 4% (soleus muscle) and 22% (EDL muscle) with 
septic plasma. The normal stimulation of protein synthesis by 
insulin was preserved in the presence of septic plasma. 


COMMENT 


These results suggest that insulin inhibition of skeletal 
muscle proteolysis is not lost in sepsis. They contradict find- 
ings obtained in an earlier study that used the same in vitro 
model but tested plasma from traumatized patients rather 
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than patients with sepsis. In a comparison of the effects of 
plasma from 12 trauma patients and 12 healthy patients, 
insulin stimulation of protein synthesis did not differ, but 
trauma plasma appeared to diminish insulin inhibition of pro- 
tein degradation.’ The insulin concentration used in the for- 
mer study (10° mU/L) was greater than that used in the 
current experiments (10° mU/L). A conclusion was drawn 
from the earlier work that the selective blocking of the inhibi- 
tory effect of insulin on protein degradation represented a 
postreceptor defect and that this phenomenon might explain 
the mechanism through which the proteolysis-inducing factor 
in human plasma causes degradation of skeletal muscle in 
vivo. This hypothesis must now be questioned. 

Our findings also differ from those of Hasselgren et al’ who 
measured the effect of insulin on protein turnover in skeletal 
muscle in a different in vitro septic model. Soleus and EDL 
muscles were removed from normal, sham-operated and sep- 
tic rats (cecal ligation and puncture model) and incubated with 
or without insulin in various concentrations, ranging from 
10 mU/L to 1x 10° mU/L. Protein synthesis and degradation 
were determined by methods similar to those used in the 
present study. Protein degradation in soleus muscle was not 
affected by insulin. In contrast, protein breakdown in EDL 
muscles from untreated and sham-operated rats was reduced 
by 15% to 20% in the presence of 1 x10’ mU/L of insulin. 
Degradation was not inhibited by insulin in septic EDL mus- 
cle, however, until the concentration was increased to 
10° mU/L. Even at that level the protective effect of insulin 
was less than half that in nonseptic muscles, leading Hassel- 
gren et al’ to agree with Tischler et al’ that a postreceptor 
insulin resistance of protein breakdown characterizes muscle 
metabolism in stress states. 

Our results show that, even in the presence of septic plas- 
ma, insulin in moderate concentration (10° mU/L) exerts its 
expected inhibitory effect on proteolysis in both soleus and 
EDL muscles. Our use of septic plasma instead of septic 
muscle may explain some of the differences between our 
findings and the findings of Hasselgren et al.’ It might account 
for the fact that, in the septic rat model, inhibition of EDL 
proteolysis occurred at a higher insulin concentration 
(10° mU/L); but the use of different models would not explain 
the puzzling fact that Hasselgren et alf found no effect of 
insulin in protein degradation of soleus muscle. Hasselgren et 
al themselves reported that increased proteolysis during sep- 
sis is a general phenomenon in skeletal muscle, and that 
protein metabolism in red muscle (soleus) is affected earlier in 
sepsis than that in white muscle.” 


Recently, Benson et al” showed that myofibrillar protein 
breakdown is increased markedly in septic muscle and that 
insulin (10 mU/mL) significantly inhibits such breakdown. 
These investigators postulated that nonlysosomal breakdown 
of myofibrillar protein may become sensitive to insulin during 
sepsis. The value of determining myofibrillar protein degra- 
dation as opposed to the usual measurement of total protein 
breakdown by tyrosine release is that myofibrillar proteins 
are degraded by nonlysosomal protein breakdown in normal 
muscle.” The possibility that insulin might inhibit myofibril- 
lar protein breakdown during sepsis suggests important clini- 
cal implications. 

If insulin continues to exert its normally protective effects 
vis a vis muscle protein degradation during sepsis, as both the 
current study and the work of Benson et al” suggest, treating 
patients who have sepsis with insulin could be useful. A 
number of clinical studies have evaluated the effects of exoge- 
nous insulin therapy after operative or accidental injury. 
Hinton et al showed that glucose and high doses of insulin 
reduced nitrogen loss after major burns. Woolfson et al,” in 
patients with varying degrees of trauma, administered insu- 
lin and glucose and found that in catabolic patients the treat- 
ment strikingly inhibited protein breakdown. More recently, 
Inculet et al” infused insulin in postoperative patients and 
measured 3-methylhistidine excretion and an efflux of amino 
acids from the forearm muscle. Insulin, in combination with 
infused energy and protein, decreased the loss of muscle 
protein. 

The role of insulin in muscle metabolism altered by severe 
stress is not yet clear. If exogenous insulin protects against 
muscle proteolysis as suggested by our results, then endoge- 
nous insulin may have the same effect in patients with sepsis. 
On the other hand, in conditions of severe sepsis, the stimulus 
for proteolysis exerted by plasma factors may exceed the 
inhibitory benefits of hyperinsulinemia. 

The protection against proteolysis that exogenous insulin 
provided in our model may not reflect an in vivo response in 
that some tissue factors that affect muscle metabolism were 
excluded. Tissue macrophages could possibly mediate muscle 
proteolysis through insulin-independent mechanisms. The 
significance of our experiments is limited by the degree that 
such tissue influences are disregarded. The observation re- 
mains, nevertheless, that in the presence of plasma from 
patients with sepsis, muscle protein degradation is inhibited 
to a moderate degree by exogenous insulin. This supports the 
possibility that clinical gain might follow the administration of 
insulin to patients with sepsis. 
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Surgery for Nonpalpable Breast Lesions 


Angelos E. Papatestas, MDt; Dorit Hermann; George Hermann, MD; Constantinos Tsevdos; Gerson Lesnick, MD 


è Nonpalpable lesions detected on mammograms were lo- 
calized in 475 women between 1976 and 1988 by means of the 
spot method. A malignant neoplasm was noted in 149 patients 
(31%), including 69 (33%) of 206 with clusters of microcalcifi- 
cations, 16 (41%) of 39 with calcifications associated with 
densities, and 64 (28%) of 230 with nonpalpable masses. 
infiltrating lesions were present in 89 (60%) of 149 patients. 
Among women with infiltrating lesions who had axillary dis- 
section, 14 (21%) of 67 had positive nodes. In younger women, 
microcalcifications were more likely to represent neoplasms 
than were masses, while in older women with neoplasms, 
masses frequently represented invasive tumors. Among pa- 
tients with invasive malignant neoplasms who had calcifica- 
tions, 39% had positive axillary lymph nodes. Spot localization, 
rather than monitoring, seems appropriate in young women 
with microcalcifications suggestive of malignant neoplasms 
and older patients with nonpalpable masses to achieve earlier 
and more effective treatment of biologically significant occult 
neoplasms. 

(Arch Surg. 1990;125:399-402) 


pe ongation of survival has been demonstrated in 
women with breast cancer screened with mammogra- 
phy.'* As a result of the increasing use of mammography, 
there is a concomitant increase in the number of malignant 
neoplasms diagnosed before they become clinically obvious, 
but the biologic significance of these tumors remains 
uncertain. 

We studied 475 patients with nonpalpable lesions iden- 
tified on mammographic evaluation to determine if malig- 
nant neoplasms detected with spot localization are primar- 
ily biologically significant tumors or in situ histologic 
carcinomas with an uncertain biologic behavior. Histologic 
evidence of tumor invasiveness and axillary lymph node 
involvement were used as guidelines for determining the 
biologic significance of nonpalpable malignant neoplasms. 

Results were analyzed in relation to age to determine 
whether surgical interventions in women younger than 50 
years were yielding a significant proportion of positive 
biopsy specimens and invasive tumors. An attempt was 
also made to identify whether invasive tumors in younger 
women were associated with a specific roentgenographic 
pattern that could alert clinicians and radiologists to 
request biopsy rather than roentgenographic monitoring 
at more frequent intervals. Current guidelines do not 
advocate use of annual, routine mammography in women 
under 50 years of aget? because of radiation risks and cost 
factors.” There is evidence, though, of an advantage in 
survival in women 40 to 49 years of age screened with 
mammography,** and conclusive evidence shows the ability 
of mammography to detect small localized cancers in 
women 35 to 49 years old.°® 

There is an alarming contrast between the findings of 
studies focusing on nonpalpable breast tumors and the 
attitude of physicians toward mammography. In one recent 
large study, positive axillary lymph nodes in occult tumors 
were found in up to 35% of invasive nonpalpable lesions.*® 
Yet, in a physician survey conducted in the same period, 
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59% of physicians disagreed with the existing recommen- 
dations for mammography, and, of these, 29% believed that 
mammography was not necessary in asymptomatic 
women.’ The potential that mammography offers in evalu- 
ating diseases of the breast, recognized more than 50 years 
ago’ and confirmed with Egan’s" report, is still not fully 
realized despite the increased use of spot localization. 


PATIENTS AND METHODS 


The records of 475 patients who underwent biopsies of nonpal- 
pable breast lesions during the period 1976 through 1988 were 
reviewed. 

Mammographic findings that were considered sufficient to 
warrant a biopsy were classified as clusters of calcifications (206), 
masses and densities (230), or a combination of both (39). 

The spot localization technique used in our institution has been 
previously described.” In recent years the trend has been to 
perform the spot localization in the morning and to follow with 
the biopsy within a few hours. The vast majority of biopsies were 
performed on an ambulatory basis with the patient under a local 
anesthesia, with or without intravenous sedation. Few patients 
required hospitalization for associated medical problems. The dye 
was always recognizable in the breast tissue, and, in one patient 
in whom the biopsy had to be postponed because of prolonged 
prothrombin time, the dye was still identifiable a few days later. 

At surgery, the dyed segment of breast was excised together 
with a rim of surrounding parenchyma and any grossly identifiable 
lesion. If no lesion was obvious, specimen roentgenography was 
requested. Frozen sectioning was then performed, and tissue was 
set aside for hormone receptor determination in case the biopsy 
specimen was positive for carcinoma. In patients in whom biopsy 
revealed the presence of a malignant neoplasm, the decision for 
the definitive surgery was deferred so that paraffin sections could 
be studied for margin involvement by tumor. The majority of 
patients with infiltrating tumors had segmental resections of 
breast with axillary dissections followed by radiotherapy. Mastec- 
tomy with axillary dissection was performed in patients in whom 
the tumors were extensive and had a diffuse intraductal compo- 
nent. 

Patients were classified into three age groups (<40 years, 40 
to 49 years, and >50 years) to study the findings in relation to 
the ages used in current guidelines for the use of mammography. 
In addition, patients were stratified into four groups in rela- 
tion to year of operation (before 1980, 1981 through 1982, 1983 
through 1985, and 1986 through 1988) to evaluate temporal trends 
related to the increasing use of mammography and spot localiza- 
tion. 

Histologic findings positive for malignant neoplasms were clas- 
sified as noninvasive and invasive tumors, and positive histologic 
axillary node involvement in patients with malignant neoplasms 
was recorded. 

Presence of family history of breast neoplasms was noted, in 
those for whom the information was available, to determine 
possible differences in mammographic presentation in this high- 
risk group. The site of the nonpalpable lesion was also recorded 
to determine if the previously described differences in laterality 
for palpable lesions were present in nonpalpable lesions as well. 


RESULTS 


There was a steep increase in the numbers of biopsies 
performed for nonpalpable lesions in recent years, while in 
the same period the proportion of biopsy specimens dem- 
onstrating a malignant neoplasm has shown a steady de- 
crease (Figure). Among women with nonpalpable malig- 
nant neoplasms, the proportions of invasive tumors and 
histologically positive nodes have remained high in all time 
periods (Table 1). Overall, 149 (31%) of the 475 biopsy 
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ings, and 89 (60%) of the malignant lesions were invasive 
carcinomas. Of the invasive tumors, 76 were infiltrating 
ductal carcinomas, 7 were lobular, 2 were lobular and 
ductal, and 4 were other types. Of the noninvasive lesions, 
52 (87%) were intraductal carcinomas with no infiltration 
and eight were lobular in situ. 

The relation of mammographic findings to breast histo- 
logic findings varied in relation to age. With increasing 
age, the proportion of malignant neoplasms, as well as that 
of invasive tumors, increased. Overall, the highest propor- 
tion of malignant neoplasms was noted in women who had 
calcifications combined with masses. Invasiveness was 
significantly more frequent in patients with malignant 
tumors appearing as masses (x?=32.05, P<.0001, df=2) 
(Table 2). In the younger age groups, the presence of a 
mass was less frequently associated with the presence of 
malignant neoplasm, and in women younger than 40 years, 
no malignant neoplasm was associated with the presence 
of a mass. The proportion of invasive tumors among 
malignant neoplasms increased with age in patients with 
masses, while no such trend was noted in patients with 
calcifications (Table 2). The youngest patient with an occult 
malignant neoplasm was 36 years of age, while the youngest 
with an infiltrating lesion was a 38-year-old woman. 

Axillary lymph node involvement varied in relation to 
age, mammographic findings, and tumor histologic findings 
(Table 3). Histologic node involvement was noted in 21% of 
patients with invasive tumors who had axillary dissection. 
None of the 27 patients with in situ lesions in whom an 
axillary dissection was performed had positive axillary 
lymph nodes. Patients with infiltrating ductal carcinomas 
had 21% positive axillary nodes, while the corresponding 
percentage for those with infiltrating lobular carcinomas 
was 28%. Among women with invasive lesions, those who 
had calcifications or calcifications with masses were more 
likely to have positive axillary nodes than were those with 
masses alone. Age differences were noted in axillary node 
involvement among nonpalpable tumors. Women 40 to 49 
years of age had the highest proportion of involved axillary 
lymph nodes. 
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cancer was recorded, there was no significant association 
between the proportion of malignant or invasive lesions 
and the presence of family history of breast cancer (Table 
4). No association was noted between roentgenographic 
findings and family history of breast cancer. Malignant and 
invasive lesions were more frequent in the left breast 
(Table 5), while patients with bilateral nonpalpable lesions 
were more likely to have malignant tumors. 


COMMENT 


Reduction of mortality from breast cancer has been 
reported in women participating in screening studies with 
the use of mammography both in the United States and 
abroad.!+!8 The increased use of mammography and the 
increase in the number of biopsies performed for nonpal- 
pable, mammographically detected lesions led to the rise 
in the number of tumors detected after spot localization. 
Questions frequently raised in relation to surgery of 
nonpalpable lesions are related to the optimal yield of 
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Number of biopsies performed after spot localization in four periods 
(bars) and the corresponding proportion of positive histologic 
findings for the presence of malignant tumors (line). 


Table 1.— Proportion of Invasive Tumors and Positive Axillary Nodes in Women With Nonpalpable Malignant Neoplasms 


All Malignant 
Neoplasms 
oe 
Period of Total 


Spot Localization No. Invasive 


Invasive, No. 


Noninvasive/ % Total 


Lymph Node Histologic Findings in Patients 
With Axillary Dissection 


———————————— 


% Positive 
Among Invasive 


% Positive 
Among All 


Negative/ 


invasive, No. Positive, No. 


No. 
To 1980 11 4/7 64 9 8/1 
12 


1980-1982 24 8/16 69 
1983-1985 47 17/30 64 
1986-1988 67 31/36 54 39 
All Years 149 60/89 60 94 


Table 2.—Relationship of Mammographic Findings to Breast Histologic Findings 





5 11 25 
9 10/2 17 22 
25 30/4 12 16 
28 32/7 18 25 
67 80/14 15 21 


Age <40 y Age 40-49 y 
No. % % No. % % 
Mammographic Total Malignant Malig- Inva- Total Malignant Malig- Inva- 
Finding No. (Invasive) nant* sivet No. (Invasive) nant* sivet 
Calcification 31 6 (2) 20 33 69 21 (8) 30 38 
Calcification and mass 1 O (0) 8 3 (2) 38 67 
Mass 17 0 (0) ; ae 50 9 (6) 18 67 
Total 49 6 (2) 12 33 127 33 (16) 26 48 


*Percentage of malignant neoplasms among all biopsy specimens. 
tPercentage of invasive tumors among all malignant neoplasms. 


The association between invasiveness and roentgenographic findings among malignant tumors was highly significant (x? =32.05, df= 2, P= .0001). 
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neoplasms, the biologic significance of noninvasive malig- 
nant lesions, and the advisability of performing more 
frequent mammographic evaluation in young women. 

There is no agreement as to what constitutes an accept- 
able yield of malignant neoplasms in biopsies performed 
for nonpalpable lesions. Symmonds and Roberts” reported 
malignant neoplasms in 12% of specimens from biopsies 
performed for suggestive mass or density and in 20% of 
those performed for suggestive calcifications, but among 
malignant lesions, 82% were invasive. In other large 
studies? and in the current one, a higher proportion of 
positive biopsy specimens and a lower proportion of inva- 
sive lesions were noted. If we accept that the benign to 
malignant lesion ratio of 5:1 for palpable masses is evidence 
of reasonable and prudent judgment,’ then spot localization 
in our center is yielding the optimal ratio of benign to true 
cancerous (invasive) lesions. 

Our results are different from those of Symmonds and 
Roberts! among younger patients. Our yield of 12% posi- 
tive biopsy specimens in women under the age of 40 years 
and 26% for those aged 40 to 49 years reinforces the 
suggestion that mammography should be part of a breast 
evaluation in women over the age of 35 years, particularly 
since invasiveness in women aged 40 to 49 years was similar 
to that observed in older women in all categories of 
roentgenographic findings (Table 2). Overall, the majority 
of nonpalpable tumors were invasive carcinomas, which 
indicates biologically significant lesions. This is further 
underscored by the finding of a high proportion of positive 
axillary nodes among patients who had axillary dissections, 
which is.similar to that reported for minimal cancers in the 
surveys of the American College of Surgeons.” Even more 
disturbing is the observation of 46% positive lymph nodes 
among women 40 to 49 years of age (Table 3), indicating 
likelihood of systemic disease in a very high percentage of 
young women with occult invasive malignant neoplasms. 
Others*! have also reported a disturbingly high proportion 
of positive lymph nodes in patients with invasive carcino- 
mas. In contrast, Chetty et al? found only 10% positive 
nodes, but there was no stratification according to age and 
invasiveness in their study. Clearly, the high proportion of 
positive nodes indicates that invasive nonpalpable lesions 
should be treated with axillary dissection, as they may be 
more significant lesions than the so-called minimal cancers. 

The natural course of nonpalpable breast lesions has not 
been adequately studied, and extrapolations from the 
histologic features of palpable lesions may prove inaccu- 
rate, as breast cancer is a heterogeneous disease. The 
estimated ratio of invasive to noninvasive lesions in all 
women with breast cancer for 1983 was 23:1, as 114000 
invasive lesions were expected compared with 5000 in situ 
lesions.” The ratio in the study was 1:48:1 and varied with 
age. 


Age =50 y All Years} 


No. % % No. % % 
Total Malignant Malig- Inva- Total Malignant Malig- Inva- 
No. (Invasive) nant* sivet No. (invasive) nant* sivet 


106 40(15) 38 £38 206. 67 (25) 33 36 
30. - -13 (8) 48° “66. (30 FER T.  “«1 63 
163 55 (48) 34 187 230 64(54) 28 84 
299 108 (71) 36 66 475 147 (89) 31 60 
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diagnosed noninvasive carcinoma has a biologic behavior 
similar to that of palpable in situ neoplasms, but, as was 
previously pointed out, “small” and “favorable” are not 
necessarily synonymous when dealing with invasive can- 
cers associated with positive axillary nodes. This fact 
clearly emerges in the survey of the American College of 
Surgeons,” which suggests that patients with positive 
nodes should not be considered as having minimal cancers. 

The association between breast cancer and microcaleifi- 
cations has been known since 1913,” and the technique to 
visualize calcifications on mammography has been known 
since 1951; Gershon-Cohen et al?’ observed, among 
mammographic findings, that clusters of microcalcifica- 
tions appear to be more difficult to characterize in terms 
of the nature of the underlying lesion. Because of the 
absence of reliable roentgenographic criteria that would 
differentiate between malignant and nonmalignant clusters 
of calcifications, biopsy should be recommended regardless 
of age since calcifications seem to be associated with a high 
proportion of malignant neoplasms, particularly in younger 
women (Table 1). According to Symmonds and Roberts,” 
women with suggestive mammograms with a positive 
family history of breast cancer had twice the proportion of 
positive biopsy specimens of women with negative histo- 
ries. These findings, if confirmed, would raise the question 
of recommending earlier routine mammography in women 
with positive family histories, but no such differences were 
seen in our study (Table 4). The predominance of the left 
side in terms of malignancy and invasiveness matched the 
findings previously reported for palpable lesions.“ 

It is advisable to perform a follow-up mammographic 
evaluation within 6 months to 1 year after spot localization 
in women with malignant tumors in whom the breast was 
preserved and those with diffuse microcalcifications, even 
when specimen roentgenography confirms the presence of 
calcifications in the excised segments of the breast. In two 
cases, both involving clusters of calcifications seen in 
specimen roentgenography, additional calcifications were 
still present 6 months and 1 year after excision. In two 
patients in whom the spot localization was difficult, the 
clustered microcalcifications were in the dermis; this was 
recognized in the operating room, and an ellipse of the skin 
was removed that included the calcifications. Gisvold and 
Martin reported that 39 (12%) lesions in 333 patients 
could not be found, Bigelow et al” had two cases missed in 


Table 3.— Histologic Findings in Axillary Lymph Nodes in 
Nonpalpable Neoplasms* 


Total No. No. % 
Negative Positive Positive 


Histologic findings 
Carcinomas 
Infiltrating ductal 


Lobular 
Other 


Noninvasive tumors 
Ductal (in situ) 


Lobular (in situ) 


Roentgenographic findings 
Calcification 39 (18) 
45 (42) 


10 (7) 


32 (11) 
40 (37) 


18 (39) 





Age at operation, y 
40 6 (2) 6 (2) 


16 (6) 
59 (44) 


22 (12) 
66 (51) 


*Numbers in parentheses refer to invasive tumors. 


11 (14) 
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Table 4.—Relationship of Family History to Breast Histologic 
Type in Women With Nonpalpable Lesions* 


Histologic Type of Lesion 


Malignant 
oe a ie a ee ae 


Family History Noninvasive Invasive 


All patients 
Negative, No. 


Positive, No. 
% positive 
Total, No. 


Benign Total 


Patients aged =50 y 
Negative, No. 


Positive, No. 


% positive 

Total, No. 
Patients aged <50 y 

Negative, No. 

Positive, No. 

% positive 

Total, No. 


*Family history was not available in 257 women. 


150 procedures using the hooked wire technique, and 
Bigoniari et al” reported a 10% failure rate. 

There has been no adverse effect from performing these 
procedures on an ambulatory basis with local anesthetic, 
which confirms the concept that these procedures do not 
require hospitalization.** No patient developed complica- 
tions requiring hospitalization. Symmonds and Roberts’? 
found the dye injection technique unsatisfactory, but, 
judging from the number of wound infections they reported 





Table 5.—Malignancy, Invasiveness, and Laterality of 
Nonpalpable Breast Lesions 


Left Right 
Breast Breast 


Malignant lesions 
Noninvasive, No. 


Invasive, No. 
% invasive 
Total, No. 

% malignant 


Benign lesions, No. 
Total, No. 





after Kopans’ wire insertion, the dye technique seems to 
have an advantage, as only one postoperative wound 
infection was observed in our institution. The radiologic 
dye originally described* is no longer used, as the opacity 
obscures the area of calcifications in specimen roentgenog- 
raphy. 

This study confirmed that the majority of breast malig- 
nant neoplasms detected after spot localization are biolog- 
ically significant lesions presenting as infiltrating carci- 
nomas. Systemic disease, at least as manifested by axillary 
lymph node involvement, appears to be frequent in young 
women before malignant neoplasms become palpable. 
These findings, together with multicentricity of invasive 
occult tumors reported in two other large studies,*** raise 
disturbing questions and provide no evidence of overdiag- 
nosis in radiologically detected tumors. On the contrary, it 
seems that in young women with suggestive mammograms, 
biopsy rather than roentgenographic monitoring of the 
lesions for evidence of interval change is the most appro- 
priate recommendation. 
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Basic Science Review 


The Role of Intestinal Barrier Failure 
and Bacterial Translocation in the 


Development of Systemic Infection 


and Multiple Organ Failure 


Edwin A. Deitch, MD, FACS 


è Traditionally, evaluation of intestinal function has been li- 
mited largely to monitoring gastric pH and intestinal motility. 
This clinical approach has led clinicians to equate normal intesti- 
nal motility with normal intestinal function and to assume that if 
stress-induced gastric bleeding can be prevented, all will be well. 
However, it is becoming increasingly clear that the gastrointesti- 
nal tract is not a passive organ and that intestinal dysfunction is 
not limited to ileus and upper gastrointestinal bleeding. Instead, 
the gastrointestinal tract is recognized as having important en- 
docrine, metabolic, immunologic, and barrier functions, as well 
as its traditional role in nutrient absorption. Over the last 5 years, 
there has been a resurgence of interest in the role of intestinal 
barrier failure in the development of systemic infection and multi- 
ple organ failure in the critically ill or injured patient. 

(Arch Surg. 1990;125:403-404) 


nder normal circumstances, the intestinal mucosa func- 

tions as a major local defense barrier that prevents 
bacteria and endotoxin contained within the intestinal lumen 
from reaching systemic organs and tissues. However, under 
certain circumstances, intestinal bacteria can escape from the 
gut and cause systemic infection. This process of intestinal 
bacteria invading extraintestinal tissues has been termed 
bacterial translocation. As previously reviewed by me,”” the 
concept that bacteria and/or endotoxin escaping from the gut 
could lead to systemic infection and disease was originally 
proposed by Fine and coworkers in the 1960s. This “gut 
theory of disease” fell into disfavor and lay dormant for nearly 
20 years. Since then, clinical evidence has accumulated, indi- 
cating that the gut is a reservoir for bacteria-causing systemic 
infections in several high-risk groups of surgical patients. 
These patient groups include burn and trauma victims, im- 
munocompromised patients in the intensive care unit, and 
patients who develop multiple organ failure. Thus, based on 
numerous clinical and experimental studies, it is now general- 
ly accepted that the gut is frequently the reservoir for bacte- 
ria-causing systemic infections in patients with clinically oc- 
cult infections. 


Accepted for publication January 12, 1990. 

From the Louisiana State University Medical Center, Shreveport. 

Reprint requests to Louisiana State University Medical Center, 1501 Kings 
Highway, PO Box 33932, Shreveport, LA 71130-3930 (Dr Deitch). 


Arch Surg—Vol 125, March 1990 


Although these clinical studies established that the gut can 
be a reservoir for systemic infections, there was little infor- 
mation on the underlying mechanisms of how bacteria con- 
tained within the gut translocate across the mucosal barrier. 
Therefore, we and others’ have investigated the relation- 
ships between the gastrointestinal (GI) tract microflora, sys- 
temic host defenses, and injury to clarify the pathophysiology 
of bacterial translocation. Although bacterial translocation 
can be induced in a variety of animal models, our studies 
indicate that one or more of three basic pathophysiologic 
factors appear to be necessary for bacterial translocation to 
occur. These three promoting factors are disruption of the 
ecologic balance of the normal intestinal microflora, resulting 
in overgrowth with certain bacteria (especially enteric bacil- 
li), impaired host immune defenses, and physical disruption of 
the gut mucosal barrier. Since these three promoting factors 
are commonly present in the critically ill or injured patient, it 
is not surprising that these patients are at increased risk of 
developing gut-origin septic states. 

In fact, patients who develop bacteremias from their GI 
tract tend to share certain clinical conditions that predispose 
them to bacterial translocation. These patients generally 
have altered intestinal function, have experienced major 
blood loss or a hypotensive episode, are immunocompromised 
and/or malnourished, and have usually received therapeutic 
agents that alter the normal ecology of their gut flora, such 
as broad-spectrum antibiotics, antacids, or histamine 2- 
blockers. Thus, based on our current level of knowledge, 
bacterial translocation from the GI tract does not normally 
occur in healthy animals or humans because of the presence of 
(1) an intact epithelial barrier, (2) normal host immune de- 
fenses, and (3) a normal GI tract microflora that prevent 
bacterial overgrowth with potential pathogens (colonization 
resistance). Injuries or therapeutic maneuvers that directly 
or indirectly impair these protective mechanisms may predis- 
pose patients to systemic infection from gut-associated 
bacteria. 

Since life-threatening infections can originate from the gut, 
several groups of investigators have attempted to reduce the 
incidence of systemic infections in high-risk patients by orally 
administering nonabsorbable antibiotics directed against 
gram-negative enteric bacilli, a process termed selective gut 
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decontamination. In selective gut decontamination, preser- 
vation of the anaerobic intestinal flora is important, since loss 
of the anaerobes is associated with intestinal overgrowth by 
gram-negative enteric bacilli, Pseudomonas species, and 
Candida. The results of these clinical studies are encourag- 
ing. For example, in most of the reported series, patients with 
cancer and patients with granulocytopenia treated with selec- 
tive gut decontamination had a lower incidence of enteric 
bacteremia than conventionally treated patients. Similarly, 
the use of selective gut decontamination in combination with 
topical hypopharyngeal antibiotics has been documented to 
reduce the incidence of systemic infections in both patients at 
intensive care units and trauma victims. However, the clini- 
cal efficacy of selective decontamination of the gut in high-risk 
patients remains controversial, since most studies have not 
demonstrated an improvement in survival. 

It is not surprising that attempts to control the gut flora do 
not increase survival, since the patients enrolled in these 
studies are almost always immunocompromised and their 
intestinal barrier function often is impaired. In fact, my re- 
cent experimental work indicates that neither the mainte- 
nance of a normal gut flora nor selective decontamination of 
the gut will prevent bacterial translocation if the mucosal 
barrier is mechanically disrupted or the animal is severely 
immunocompromised. What this means clinically is that se- 
lective decontamination of the gut microflora is unlikely to be 
fully effective in preventing gut-origin septic states in pa- 
tients with a damaged intestinal mucosa or profound immune 
suppression. More is required. Attention must be focused on 
ways to bolster the host’s local and systemic antibacterial 
defense systems, so that bacteria translocating from the gut 
can be promptly killed. In addition, means of preventing, 
limiting, or speeding the repair of the acquired intestinal 
mucosal injury that frequently occurs after shock, sepsis, or 
trauma are required. Progress being made in this area include 
the use of specific nutrients (glutamine), growth factors, and 
trophic gut hormones, as well as early enteral feeding to 
prevent or limit gut atrophy or injury. The potential role of 
early enteral alimentation in preserving intestinal barrier 
function cannot be overstated, since early enteral feeding 
bolsters antibacterial host defenses, blunts the hypermetabo- 
lic response to trauma, maintains mucosal mass and barrier 
function, and prevents disruption of the normal gut microflo- 
ra. 


RELATIONSHIP OF GUT FAILURE TO 
MULTIPLE ORGAN FAILURE (MOF) 


Until recently, it was commonly accepted that MOF was 
the external expression of an occult septic focus (usually 
intraabdominal). As more patients with MOF underwent em- 
pirical exploration in the search for occult intraabdominal 
abscesses, it became clear that MOF could exist in the ab- 
sence of an identifiable focus of infection. The fact that many 
patients dying of sepsis and MOF have enteric bacteremias 
for which no septic focus is identified either clinically or by 
~ autopsy has led some investigators to postulate that these 
infections originated from the gut. Gut barrier failure may 
also contribute to MOF in the subgroup of “uninfected” pa- 
tients with MOF who die a septic-appearing death. In these 
patients, gut barrier failure may contribute to the develop- 
ment of MOF by allowing endotoxin normally contained with- 
in the gut to reach the portal and systemic circulations where 
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it fuels the septic process. Thus, gut-derived endotoxin may 
be the link between gut failure and MOF in the septic-appear- 
ing patient without evidence of infection. Furthermore, there 
is evidence that a clinically important relationship exists be- 
tween the state of intestinal barrier function and Kupffer cell 
activity. Since Kupffer cells clear translocating bacteria and 
endotoxin from the portal blood, impaired Kupffer cell activi- 
ty would potentiate the systemic effects of gut barrier failure 
by allowing gut-derived bacteria or endotoxin to reach the 
systemic circulation. In addition, the presence of bacteria and 
endotoxin in the portal circulation would promote Kupffer 
cells to secrete various cytokines (ie, tumor necrosis factor, 
interleukin 1, prostanoids, etc), which may further exacer- 
bate the septic state. 

Border et al’ have proposed that a causal relationship exists 
between retained necrotic tissue, macrophage activation, gut 
barrier failure, and the subsequent development of MOF. 
This hypothesis is based on studies documenting the early 
definitive surgery to remove necrotic tissue and thereby limit 
the inflammatory response; subsequent gut dysfunction im- 
proves survival in trauma victims. * 

As yet, no clinical studies have been performed testing 
whether prevention of gut barrier failure will prevent the 
development of MOF. However, based on the evidence gen- 
erated to date, it appears very likely that gut failure fuels the 
septic process that eventuates in MOF. 


COMMENT 


Although the relationship between gut barrier function and 
outcome in the surgical patient is complex and not fully under- 
stood, some concepts seem clear. Conditions that induce a 
severe inflammatory response, such as trauma, burns, or 
infections, are capable of causing a lethal septic-syndrome in 
which gut barrier failure contributes to mortality. Gut barrier 
failure and bacterial translocation are not an all or none 
phenomenon. The state of the host’s immune defenses is 
critical in determining whether translocating bacteria estab- 
lish a temporary focus of infection or spread systemically to 
cause lethal sepsis. The relationship between the host’s de- 
fenses and the magnitude of the injury determine whether the 
translocating bacteria are eradicated or continue to multiply 
and produce clinically obvious disease. The nutritional status 
of the gut is important, since the increased permeability of the 
malnourished gut may result in endotoxemia and/or bacterial 
translocation, either of which could initiate or contribute to 
the septic state. Gut barrier failure may be exacerbated by 
nonintestinal as well as intestinal factors. Hypotension, he- 
modynamic instability, or vasoactive agents that decrease 
intestinal perfusion and increase intestinal permeability may 
promote bacterial translocation or systemic endotoxemia. In 
conclusion, when caring for patients, attention must be paid 
to systemic and local factors that may affect the GI tract, to 
limit intestinal barrier failure and the development of gut- 
origin septic states. 
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The Retained Surgical Sponge Following 
Intra-abdominal Surgery 


A Continuing Problem 


William Rappaport, MD, Kevin Haynes, MD 


è The surgical sponge retained following intra-abdominal sur- 
gery is a continuing problem. Despite precautions, the incidence 
of this problem is grossly underestimated. During the past 10 
years, we have treated four patients with this problem. The pre- 
sentation of a retained surgical sponge is highly variable, as is 
the time before the onset of symptoms. The clinical presentation, 
predisposing factors, and management are presented as well as 
guidelines for prevention. 

(Arch Surg. 1990;125:405-407) 


D espite precautions taken by the operating team, reten- 
tion of foreign bodies following intra-abdominal surgery 
remains a continuing problem. ™™ The true magnitude of this 
problem is difficult to appreciate owing to reluctance to report 
this complication. The incidence of retained foreign bodies has 
been estimated at 1 per 1000 to 1500 laparotomies.**” During 
the past 5 years, we treated four patients with retained intra- 
abdominal surgical sponges. Their presentation was highly 
variable. Etiology, clinical presentation, diagnosis, and man- 
agement will be presented as well as a discussion of 
prevention. 


REPORT OF CASES 


CASE 1.—A 56-year-old woman underwent colostomy take down 
after an uneventful left-sided colectomy for obstructing adenocarci- 
noma of the colon. A preoperative barium enema was performed and 
showed no abnormalities. Her postoperative course was uneventful, 
and she was discharged 1 week postoperatively. Two weeks after 
surgery, she returned to the clinic complaining of malaise and low- 
grade fever. Her temperature was 38°C; her pulse rate was 120 beats 
per minute. There was minimal tenderness over the midabdomen. 
Laboratory data included a white blood cell count of 14.5 x 10°/L, and 
abdominal roentgenograms revealed a single laparotomy sponge (Fig 
1). Because of her fever and leukocytosis, a computed tomographic 
scan was obtained revealing a subfascial abscess with an associated 
foreign body (Fig 2). At the time of reexploration, a laparotomy pad 
with an associated abscess was discovered just beneath the fascia. 
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Her recovery was uneventful, and she was discharged from the 
hospital on postoperative day 7. 

In reviewing the patient’s prior operative note, two sponge counts 
were performed and reported as correct. However, one was done 
while the fascia was being closed and while a laparotomy pad was in 
the abdomen to facilitate closure. Also, each count was done by a 
separate operating room crew owing to a change of shift. 

CASE 2. — A 36-year-old Mexican woman presented with a 5-month 
history of vague back pain. She had undergone laparotomy 6 months 
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Fig 1.—Patient 1; radiopaque marker seen in the midabdomen on 
plain roentgenogram. 
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Fig 2.—Patient 1; subfascial abscess and foreign body seen on com- 
puted tomographic scan. 
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Fig 3.—Patient 2; plain roentgenogram showing laparotomy sponge in 
the pelvis and right upper quadrant. 


before for cholecystectomy. She was afebrile and had a palpable 
midepigastric mass. Plain roentgenograms demonstrated a laparoto- 
my pad above the liver and in the pelvis (Fig 3). A computed tomo- 
graphic scan revealed an extensive mass in the body and tail of the 
pancreas, with marked adenopathy, as well as the foreign body. A 
fine-needle aspiration was done, revealing adenocarcinoma. The pa- 
tient wished no further treatment and died 1 month after diagnosis of 
progression of her cancer. This patient’s presenting symptoms were 
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Fig 4.—Patient 3; retained laparotomy sponge simulating a pancreatic 
pseudocyst on computed tomographic scan. 





Fig 5.—Patient 3; cystic mass displacing the duodenum. 


due to her pancreatic cancer and unrelated to the retained sponges. 

Her previous operative note revealed two correct sponge counts, 
one done while closing the fascia and the other after the fascia was 
closed. However, each count was done by different operating room 
personnel owing to a change in shift. 

CASE 3.—A 52-year-old man presented with a midabdominal mass 
and vague abdominal pain of 6 months’ duration. He had undergone 
vagotomy and pyloroplasty for bleeding 11 years before in Mexico. 
He denied any use of alcohol; there was no history of trauma, The 
patient was afebrile and appeared to be in good health. Plain roent- 
genograms of the abdomen were normal; however, an abdominal 
computed tomographic scan revealed a large cystic mass in the lesser 
sac consistent with a pancreatic pseudocyst (Fig 4). Contrast upper 
gastrointestinal tract series revealed a displacement of the duode- 
num consistent with a pancreatic pseudocyst (Fig 5). At exploration, 
aspiration of the cyst revealed an amylase level of 10 U/L and “mud- 
dy” fluid. The cyst was opened and a surgical sponge was removed 
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Fig 6.—Patient 3; sponge removed at the time of laparotomy from the 
cystic mass. 


(Fig 6). Because of the degree of contamination, external drainage 
was performed, and the patients’ recovery was uneventful. 

CASE 4.—A 40-year-old man presented with a 2-year history of a 
draining perineal fistula. He had had two local incisions and drainage 
procedures with recurrence. Three years before, he had had a lapa- 
rotomy for blunt trauma. Extensive pelvic and rectal injury was 
present, necessitating a diverting colostomy without presacral drain- 
age. On his third admission for excision of the fistula, a laparotomy 
pad was found at the end of the tract. After removal, the wound closed 
by secondary intention. 

This patient had massive bleeding during his original trauma sur- 
gery. No operative record could be found regarding the count of 
sponges. 


COMMENT 


As Jones’ states, “the foreign body problem is rarely dis- 
cussed as there is an understandable tendency not to adver- 
tise ones errors.” Thus, the magnitude of this problem is 
grossly underestimated. 

The presentation of retained surgical sponges is highly 
variable. Intestinal complications may result from intense 
inflammatory reaction with resultant foreign body granuloma 
and obstruction.” A common sequela is erosion into bowel, 
often with obstruction or fistulization.’**” Crossen and Cros- 
sen” in 1940 reported this complication in 80% of their pa- 
tients occurring from 2 weeks to 5 years after laparotomy. 

Septic complications such as intra-abdominal abscess are 
more apt to present in the early postoperative period (patient 
1). This is most likely related to the degree of peritoneal 
contamination at the time of surgery since the number of 
bacteria necessary to cause infection and abscess is reduced in 
the presence of a foreign body.*” 

Aseptic encapsulation of a retained sponge may occur and 
remain quiescent for many years (patients 2 and 3). These 
patients often present with a mass and/or abdominal pain.*** 
Often a presumptive diagnosis of tumor is made. The presen- 
tation of a retained sponge as a pancreatic pseudocyst (case 3) 
is, to our knowledge, only the second reported case and 
reflects the diversity of presenting signs and symptoms.” 

Chorvat et al” found that 50% of retained surgical sponges 
were discovered 5 years or more after surgery. Finally, about 
one third of patients will remain asymptomatic, and the 
sponge is discovered incidentally. 

Diagnosis of a retained surgical sponge may be made on 
plain abdominal films if easily recognizable radiopaque mark- 
ers are incorporated into the sponge (Figs 1 and 3). However, 
in some countries this is not the case (patient 2).** Also, in 
some cases the marker may become twisted or folded and fail 
to be appreciated on routine roentgenograms. 

Computed tomographic findings of retained sponges have 
been well described.**””* The lesion is well circumscribed, 
with a dense enhanced wall. The center of the lesion has a 
typically whirllike pattern as seen in Fig 2. This finding is due 
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to gas trapped within the fiber meshwork of the foreign body. 
In the case of abscess formation, air fluid levels and/or gas 
may be seen within the cavity. 

Failure to make the correct diagnosis preoperatively has 
often led to overly aggressive surgical therapy.*”’ Once the 
diagnosis is made, we believe the foreign body should be 
removed in view of the extremely high complication rate. 

Prevention remains the key to the problem. In three pa- 
tients, the records were available for review. In all of these 
cases two sponge counts were reported as correct. However, 
one count was made while the abdomen was being closed, and 
the follow-up count was made after the fascia was closed. 
Often, laparotomy sponges are left in the abdomen to facili- 
tate closure. The first sponge count takes this into consider- 
ation and the report is a correct count. In two of the cases 
there was a change in shift between the first and second 
counts, adding further confusion to the correct count. 

The trauma situation also predisposes to retained foreign 
bodies (patient 4). The initial counts are often hurried or not 
done in the patient in unstable condition. 

To correct the problem, we recommend the following. Be- 
fore closure, the surgeon should explore the abdomen to 
ensure all laparotomy sponges are removed. This is especially 
important when these are placed away from the area where 
the surgeon has been working; eg, laparotomy pads placed 
over the liver during cholecystectomy. Only sponges with 
radiopaque markers should be used, and quality control 
should be checked. Sponges should not be used to facilitate 
closure, but instead large malleables or the rubber “fish” 
should be used. We believe two counts after fascial closure 
should be done to avoid taking into account sponges purposely 
left in the abdomen during closure. Following shift change, 
two counts should be performed by the new personnel. Final- 
ly, in trauma situations we recommend routine abdominal 
roentgenograms before closure if feasible. 
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First, there was nourishment, then there _ 
was repletion, now theres immunonutrition 


Sandoz Nutrition Corporation, a pioneer in clinical 
nutritional products that provide nourishment for 
hospitalized patients, has developed a new enteral feeding 
formula. 

IMPACT” is the first product to bring together the science 
of immunology with the technology of nutrition. It ts selec- 
tively enriched beyond standard enteral products. The 
formulation combines vitamins and minerals with protein 
and carbohydrate to provide optimal nourishment. In 
addition, IMPACT provides arginine, RNA, and balanced 
lipids, which have the potential to enhance the recovery of 
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UTRITION 


patients who are immunocompromised, such as trauma, 
burn, surgical, sepsis, or cancer patients. 

Studies have documented that dietary components such 
as RNA, arginine, and certain lipids have an enhancing 
effect on the immune function of both animals and humans. 
Ongoing clinical trials are confirming this earlier dietary 
component research and showing that IMPACT has a posi- 
tive effect on a number of immune parameters. Studies, 
which include a large multicenter study, are in progress 
to confirm the benefits of IMPACT: Published reports are 
available. If you wish to be one of the first to hear more about 
IMMUNONUTRITION and IMPACT, call 800-369-3000 





Clinical Products Division 
SANDOZNUTRITION 
YOUR SOURCE FOR NUTRITION” 
Minneapolis, Minnesota 55416 


Intracellular Lipid Droplets 


in Functioning Transitional 


Parathyroid Oxyphil Adenomas 


A Caveat 


Harlan D. Alpern, MD; Sanford I. Roth, MD; John E. Olson, MD 


e Histochemical demonstration of intracellular lipid droplets 
on frozen section has been used to distinguish normal parathy- 
roid tissue from that of adenoma and chief cell hyperplasia. 
Differentiation is based on the observation that the cells of ade- 
noma and chief-cell hyperplasia largely lack intracellular lipid, 
which is present in the suppressed chief cells of normal glands in 
patients with adenoma. We present two functional transitional 
oxyphil adenomas that contained abundant intracellular lipid. 
Failure to recognize that transitional oxyphilic adenomas may 
contain focal accumulations of intracellular lipid droplets could 
lead to confusion in histologic interpretation. 

(Arch Surg. 1990;125:410-411) 


n patients with primary hyperparathyroidism, the distinc- 

tion among hyperplasia, adenoma, carcinoma, and normal 
glands must be made intraoperatively to allow for appropri- 
ate surgical therapy.’ The most frequent and difficult differ- 
ential diagnosis for the surgical pathologist is between adeno- 
ma of one gland and chief-cell hyperplasia of two or more 
glands. As the distinction cannot be made from examination of 
one enlarged gland, multiple glands must be histologically 
examined. 

In 1976 it was reported that use of a lipid stain on frozen 
sections to demonstrate intracellular lipid provided a rapid 
and reliable method for distinguishing between normal and 
adenomatous or hyperplastic parathyroid glands.” The nor- 
mal parathyroid glands in patients with hypercalcemia due to 
an adenoma of another gland were shown to contain promi- 
nent intracellular lipid droplets in almost every chief cell, 
while the abnormal chief cells were largely devoid of fat. 
Several recent reports have shown focal intracellular fat in 
some chief cells of hyperplastic and adenomatous parathyroid 
glands.** We have also noted intracellular fat in cells of chief- 
cell hyperplasia. In a previous report’ it was noted that “rare- 
ly the oxyphil cells contain small Sudan positive granules in 
their cytoplasm.” Monchik et al’ stated that “normal oxyphil 
cells contain small or nonexistent lipid droplets.” Bedetti et al’ 
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found intracellular lipid decreased but present in 10 oxyphilic 
adenomas stained by the oil red O method. These reports have 
not distinguished between fully developed oxyphil cells and 
transitional oxyphil cells. Because of the possibility of misin- 
terpretation of an abnormal gland as normal, we report two 
cases of transitional oxyphil adenomas containing intracellu- 
lar lipid. 


REPORT OF CASES 


CASE 1.—A 66-year-old woman underwent parathyroid explora- 
tion for primary hyperparathyroidism. A hypertensive, insulin-de- 
pendent diabetic with peripheral neuropathy and atrial fibrillation, 
she had symptoms of fatigue, mild depression, and back pain. Serum 
laboratory values were as follows: calcium, 2.74 mmol/L (normal, 2.12 
to 2.52 mmol/L); phosphorus, 0.80 mmol/L (normal, 0.80 to 
1.45 mmol/L); ionized calcium, 1.44 mmol/L (normal, 1.04 to 
1.30 mmol/L); and parathyroid hormone, 79.5 pmol/L (normal, 0 to 
53 pmol/L). No masses were palpable in the neck. 

At surgery, the right lower parathyroid gland measured 
1.7 x 1.0 x 0.7 cm, with a mass of 718 mg and specific gravity of 1.065. 
Histologic examination demonstrated a cellularity of 100%. The over- 
whelming majority of the cells were transitional oxyphils, with abun- 
dant pale eosinophilic granular cytoplasm. A minority were chief 
cells, and there were focal vacuolated chief cells. A section stained by 
oil red O for lipid focally demonstrated slight to moderate amounts of 
intracellular lipid droplets in the transitional oxyphils (Figure). Many 
of these lipid droplets were 0.1 to 0.2 mm in diameter, similar to those 
seen in suppressed normal chief cells. The chief cells adjacent to the 
transitional oxyphil cells contained some intracellular lipid, but many 
were free of intracellular lipid. The right upper parathyroid gland 
measured 0.5 x 0.4 x 0.2 em in situ; a 0.2-cem biopsy specimen was 
taken. Cellularity was 60%. The left lower parathyroid gland ap- 
peared slightly enlarged, measuring 0.9 x 0.6 x 0.2 cm, and a biopsy 
was done. Specific gravity was 1.030. It had a cellularity of 70% to 
80%. Both the right upper and left lower glands were composed of 
cords and sheets of chief cells and transitional oxyphil cells. Oil red O 
stain demonstrated abundant intracellular lipid in chief cells and 
transitional oxyphils, consistent with normal glands. The left upper 
parathyroid gland measured 0.5 x 0.4 x 0.2 cm and was not sampled. 
The diagnosis was parathyroid adenoma, with two normal glands. 
Postoperative serum calcium and phosphorus levels remained 
normal. 

CASE 2.—A 66-year-old asymptomatic woman in good health was 
found on routine screening to have primary hyperparathyroidism. 
Serum laboratory values were as follows: calcium, 2.90 mmol/L; 
phosphorus, 0.80 mmol/L; ionized calcium, 1.40 mmol/L; and parathy- 
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Intracellular large lipid droplets in transitional oxyphil adenoma (oil red 
O, original magnification x 143). 


roid hormone in two different laboratories, 56.2 pmol/L (normal, 0 to 
53 pmol/L) and 2.9 ug/L (normal, 0.5 to 1.3 ug/L). No masses were 
palpable in the neck. 

At surgery an enlarged left upper parathyroid gland was found. 
The gland measured 1.6 x 1.0x0.5 cm, with a mass of 452 mg and 
cellularity of 100%. Virtually all of the cells were transitional oxyphil 
cells. Oil red O stain demonstrated focal transitional oxyphil cells 
containing large lipid droplets 0.1 to 0.2 mm in diameter. Other 
transitional oxyphil cells were free of large lipid droplets. A 
0.2x0.1x0.1-em biopsy specimen was taken of the left lower para- 
thyroid gland, which was normal on gross examination and measured 
0.6 x 0.4 x 0.2 cm. It demonstrated normal chief cells admixed with 
fat cells. Oil red O stain demonstrated large intracellular lipid drop- 
lets in the chief cells, consistent with a normal gland. The right upper 
and lower parathyroid glands were normal on gross examination, 
measuring 0.5 x 0.4 x 0.2 cm and 0.6 x 0.4 x 0.2 em, respectively, and 
biopsies were not done. The diagnosis was parathyroid adenoma, 
with one normal gland. Postoperative serum calcium and phosphorus 
levels remained normal. 


COMMENT 


Munger and Roth’ demonstrated abundant intracellular lipid in the 
chief cells of the parathyroid gland during the resting phase of the 
secretory cycle. They also observed that 95% of the chief cells of 
normal parathyroid glands suppressed by the hypercalcemia of an 
adenoma were in the resting stage of the cell cycle, while abnormal 
parathyroid glands of adenomas and primary hyperplastic parathy- 
roid glands (chief cell type) had most of their cells in the active stages 
of the cycle, with little intracellular lipid.“ These findings led Roth and 
Gallagher’ to the discovery that the intracellular lipid could be identi- 
fied by light microscopy. Since chief cell hyperplasia is distinguished 
from an adenoma by the absence of normal glands in the former,” 
Roth and Gallagher hypothesized and confirmed that identification of 
a normal parathyroid gland by the presence of intracellular lipid in 
greater than 95% of the chief cells with only focal deposits in abnormal 
chief cells confirmed the diagnosis of an adenoma.” 

A few investigators have found it difficult to interpret intracellular 
lipid.*™™ These difficulties, we believe, have been due to the fact that 
in some adenomas and chief cell hyperplasias there are focal areas, 
sometimes extensive, of chief cells with small intracellular lipid drop- 
lets, which are usually distinguishable from the larger droplets seen 
in inactive normal chief cells.“ Care is also required in the use of the 
stains.” They should be freshly prepared and filtered and should be 
undersaturated. When these precautions are taken, staining for in- 
tracellular fat is reliable and helpful, as shown by several stud- 
ies.” Sudan IV,”” oil red O,*""® and osmium carmine’ are all 
useful for staining intracellular fat droplets. One of us (S.I.R.) has 
found no significant difference in these three stains when they are 
carefully and properly used, and whichever stain is most easily and 
reliably performed in a laboratory and most easily interpreted by the 
pathologist will provide relevant results. 

_ The predominant cell type in parathyroid adenomas and chief cell 
hyperplasias has not been found to be of clinical significance. Chief 
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cells, vacuolated chief cells, oxyphil cells, and transitional oxyphil 
cells have been reported to predominate in functioning parathyroid 
adenomas. Mixed types of adenomas have also been reported.*” 
Functioning adenomas predominantly of oxyphil cells are seen in 
3.0%,” 3.4%, * to 8.4%" of cases of parathyroid adenoma. Transition- 
al oxyphils have a paler eosinophilic cytoplasm and are usually some- 
what smaller than true oxyphils. Adenomas of oxyphil cells commonly 
have a minor component of transitional oxyphils and chief cells.°” 
Transitional oxyphils and oxyphils of adenomas and hyperplasias 
have been shown by electron microscopy to contain secretory gran- 
ules.”"’” Immunohistochemical” and biochemical” methods have 
demonstrated that these cells are able to synthesize parathyroid 
hormone. 

Many cells of these two transitional oxyphil cell adenomas con- 
tained large lipid droplets within their cytoplasm. These droplets 
were similar to and in some instances as large as the cytoplasmic 
droplets seen in suppressed normal chief cells. These droplets are 
thought to represent intracytoplasmic accumulations of lipid. Intra- 
cellular droplets are usually absent from the abnormal chief cells of 
adenomas and chief cell hyperplasia. Pathologists should be aware of 
the possibility of focal accumulation of intracellular lipid droplets in 
transitional oxyphil cells and in chief cells of abnormal parathyroid 
glands, so that an erroneous diagnosis can be avoided. 
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Atlas of Office Surgery, by Robert B. Benja- 
min, 142 pp, with illus, $49.50, Philadelphia, Pa, 
Lea & Febiger, 1989. 

When I first looked at this book, the 
variety of procedures was so great that 
I questioned its usefulness for a general 
surgeon beginning practice. Conse- 
quently, I gave a copy to one of our 
recent graduates, Timothy A. Bierema, 
MD, who wrote the following: 


The Atlas of Office Surgery is a compilation 
of descriptions of various procedures that can 
be performed in a surgeon’s office. It is edit- 
ed by Robert Benjamin, MD, clinical asso- 
ciate professor at the University of Minneso- 
ta Medical School and the Park-Nicolet 
Medical Center in Minneapolis. 

The preface of the book states that it was to 
be a practical treatise, and, indeed, the au- 
thors have accomplished this. The book in- 
cludes descriptions of head and neck, ortho- 
pedic, anal, gynecologic, male genital, 
thoracic, and other miscellaneous proce- 
dures. The drawings in the book by Ellen 
Hage are excellent and clearly understand- 
able, and the descriptions of the procedures 
are also very clear. The first chapter, on 
making office procedures easier and how to 
set up for these procedures, is extremely 
helpful. The descriptions of the procedures 
themselves also include many hints on how to 
avoid pitfalls in office surgery. 

My only criticism of the book is that a 
number of the procedures seem to be on a 
larger scale than most surgeons today would 
undertake in their offices. However, as a 
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reference text for procedures performed in- 
frequently, it is excellent. 


I agree with Dr Bierema’s comments 
about the clarity of the brief text and its 
illustrations. In the description of exci- 
sion of cervical lymph nodes, for exam- 
ple, the juxtaposition of cross-sectional 
diagrams of cervical fascial planes with 
those of the operative field provides ex- 
cellent illustrations of the important an- 
atomic relationships. The procedures 
range from lip shave to hemorrhoidec- 
tomy, with reduction of fractures and 
tubal ligations along the way. The chap- 
ter on breast surgery seems a bit dated 
to me because it uses relatively old ref- 
erences, emphasizes the presence of a 
mass (almost a rarity now), and has no 
comments about breast abscess and nip- 
ple discharge. I cannot resist complain- 
ing about using an Allis forceps to grasp 
a breast mass, though this maneuver is 
almost universal. We do a biopsy be- 
cause we suspect a malignant neoplasm. 
What is the rationale for squeezing the 
lesion when it can be gently drawn into 
the field by a suture placed in the sur- 
rounding tissue? 

One can also quibble with the weight 
given to personal bias. For example, the 
treatment of acute pilonidal abscesses 
by lateral drainage is based on the au- 


Suite 500, Los Angeles, CA 90036; (213) 937- 
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(301) 328-2399; FAX (301) 328-8514. 

Trauma & Surgical Care—1990, March 18-21, Mi- 
rage Resort, Las Vegas, Nev, sponsored by the 
Western States Committees on Trauma of the 
American College of Surgeons. Contact: Henry C. 
Cleveland, MD, 4200 West Conejos PI, Suite 524, 
Denver, CO 80204, Attention: Jan Schaal; (303) 
623-7263; or Carol Williams, Trauma Depart- 
ment, American College of Surgeons, 55 E Erie 
St, Chicago, IL 60611; (312) 664-4050, exten- 
sion 342. 


thor’s experience and a reference to one 
article (about causes) and one exhibit. 
Also, “Monsel’s solution” —a new one on 
me—is advocated because it “appears to 
control granulations better than silver 
nitrate and may restart healing” in indo- 
lent wounds, something that must be 
rather hard to prove. On the other hand, 
its biases may be one of the best reasons 
for buying this book, since these impres- 
sions are based on careful observations 
compiled with clarity and humor by an 
experienced surgeon. For example, in 
discussing procedures related to toe- 
nails, he took the time to call our atten- 
tion to the importance of prevention, 
and he listed a number of bits of advice 
that physicians can give to patients. I 
would have liked it better, however, if 
he had told people to use a soft nail brush 
and if he had qualified his advice about 
going barefoot, something diabetics 
should never do because of the insidious 
onset of loss of protective sensation. 

This book will be useful for anyone 
who sees a true cross-section of general 
surgical practice. It will be especially 
useful for those who are beginning prac- 
tice without extensive experience in 
these kinds of operations. 


JOHN L. GLOVER, MD 
TIMOTHY A. BIEREMA, MD 
Royal Oak, Mich 
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Association for Surgical Education, April 4-7, 
The Grand Kempinski Hotel, Dallas, Tex. 


June 


General Surgery Seminar, “Update and Review,” 
June 4-8, Marriott’s Hilton Head Resort, Hilton 
Head Island, SC. Contact: George M. Con- 
verse, MD, Director of Medical Education, Lloyd 
Noland Pkwy, Fairfield, AL 35064; (205) 783- 
5276. 


November 


The 11th World Congress of the Collegium 
internationale Chirurgiae Digestivae (CICD), 
November 3-7, Convention Centre, Hotel Taj 
Palace Intercontinental, Sardar Patel Marg, 
New Delhi, India. Contact: Manohar J. Joshi, 
MS, FRCS(Eng), FACS, 1194/23 Ghole Rd, 
Pune- 411005 India; (0212) 53698. | 
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GENERAL VASCULAR SURGEON with vascular 
fellowship to join three surgeons in practice of 
general, vascular and thoracic surgery in southern 
New Jersey, close to Philadelphia and shore points. 
Benefits and salary leading to partnership opportu- 
nity. Send CV to: Box #903, c/o AOS. 


WANTED: Board-eligible or board-certified general 
surgeon with subspecialty in vascular surgery to 
join a three person surgical practice in upstate New 
York. Send CV to: Surgical Associates, P.C., 161 
Riverside Drive, Binghamton, NY 13905. 


BC/BE GENERAL SURGEON — CALIFORNIA. 
Exceptional private practice opportunity. Establish- 
ed practice (surgeon retiring); financial assistance 
and guaranteed income. New businesses are con- 
tributing to steady growth of service area which is 
now 90,000. 112-bed, full service hospital. Located 
in central California near Sequoia National Park, 
Tulare offers family environment, abundant and var- 
ied recreation, beautiful homes attractively priced. 
Good schools, restaurants and shopping. Easy 
access to California's major cities and attractions. 
Contact: Tulare District Hospital Physician Recruit- 
ing Office, Box 90112, Los Angeles, CA 90009. 
(213) 216-2687. 


SOUTHEAST UNITED STATES — Excellent oppor- 
tunities for board-certified or board-eligible sur- 
geons for solo and group practices. Send CV to: 
CPR Associates, P.O. Box 235005, Montgomery, AL 
36123-5005. 


GENERAL SURGEON — Kaiser Permanente's 
Kansas City Region is experiencing continuous 
membership growth and is seeking board-certified 
general surgeons. Our six medical offices are stra- 
tegically located throughout the city. Kaiser Perma- 
nente has enjoyed success since its inception in 
1942. We offer excellent salary and benefits, affilia- 
tion with two tertiary care facilities, family oriented 
metropolitan area, fully paid malpractice insurance, 
scheduled time off. Send CV or call: Larry V. 
McDonald, MD, 6900 Squibb Road, Suite 200, 
Shawnee Mission, KS 66202. (913) 722-8418. 


GENERAL SURGERY. Join this growing, progres- 
sive five-person group as the second general sur- 
geon. A lucrative practice encompassing a wide 
range of procedures. The location is a quality mid- 
western city, fifteen miles from one of the country’s 
top universities. Outstanding guarantee, paid relo- 
cation and full benefits program. For additional 
information, please call: Mike Stakebake at (800) 
776-5776. Or send CV to my attention at: Cejka and 
Co., 1034 South Brentwood Boulevard, Suite 1850, 
St. Louis, MO 63117. 


ORTHOPEDIC SURGEONS: For groups in several 
major metropolitan areas including the Rockies and 
the Midwest. Most subspecialties included and 
some fellowship training available. Extremely 
attractive financial packages and liberal benefits. 
Call toll-free: (800) 533-0525. Or mail CV to: J. 
Sherriff & Associates, 10955 Granada, #203, Over- 
land Park, KS 66211-1440. 




















BC/BE SURGEON — General/vascular experience 
required. Endoscopy and/or thoracic desirable. 
Multi-specialty clinic. Position available, 1991. 
Attractive northeast Wisconsin. Abundant outdoor 
activities in family-oriented community. Send CV: 
David Manke, MD, West Side Clinic, Box 19070, 
Green Bay, WI 54307. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , C/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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All classified advertising orders, correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. Please do not send 
Classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


_ Inquiries about “BOX NUMBER?” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 


CALIFORNIA COASTAL COMMUNITY — Multi- 
specialty group of 44 physicians has an opening for 
a general surgeon to join two surgeons in an 
expanding, busy, group practice. This opportunity 
is located in a moderate sized city with sunny 
beaches and excellent opportunities for outdoor 
activities, 25 miles south of Santa Barbara and 60 
miles north of Los Angeles. Compensation is com- 
petitive. Fringe benefits are excellent. Shareholder- 
ship possible after one year. For information, con- 
tact: Recruitment Director, 2705 Loma Vista Road, 
Ventura, CA 93003. 


WANTED ASAP: BC/BE orthopaedic surgeon. 83- 
bed JCAHO hospital, 35 miles west of Atlanta, 
Georgia. Contact: Ray Brees, Administrator, Pauld- 
ing Memorial Medical Center, 600 West Memorial 
Drive, Dallas, GA 30132. (404) 445-4411, Extension 
205. 





VOLUNTEER SURGEONS 
GENERAL & ORTHOPAEDIC 


International Medical Corps, a non-profit 
organization which provides medical assist- 
ance and health care training to devasted 
countries is seeking orthopaedic and general 
surgeons to volunteer their expertise in 
Peshawar, Pakistan. Orthopaedic Su 
are needed for two week assignments for our 
ongoing screening project which selects war- 
wounded Afghans for surgical procedures 
abroad. Housing and airfare provided. General 
Surgeons are needed for six month commit- 
ments to staff a new project which will retrain 
local Afghan physicians. Housing, airfare, sti- 
pend, insurance provided for general surgeons 
for a six month commitment. Send CV to: 
international Medical Corps 
10880 Wilshire Boulevard, Suite 606 
Los Angeles, CA 90024. Attention: Roz Grace 
(213) 474-3927 





SURGICAL HOUSE PHYSICIANS. Wanted — three 
surgeons who have completed residency, to work 
on busy surgical service. Big 900 plus bed county 
hospital facility. Guaranteed salary $60K. Opportu- 
nity for additional clinical experience. Contact: 
Administrative Secretary, Department of Surgery, 
Morehouse School of Medicine, 35 Butler Street, 
Atlanta, GA 30335. (404) 222-2610. 








ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toll 
free: (800) 237-9851; or in Florida (800) 553-8288. 





GENERAL SURGEON: Surgical group seeking 
BC/BE, university trained associate. PV fellowship 
or extensive experience required. Complete non- 
invasive laboratory. Beautiful rural setting. Two 
hours from New York City. Send reply to: Box 
ANNSD, J.B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 





GENERAL SURGEON — BC/BE with specialty 
training to join a busy south Jersey, three-person 
surgical- practice. Prefer surgeon with vascular, 
oncologic or colorectal specialty to round out 
sophisticated surgical group in community hospital 
easily accessible to Philadelphia and Jersey shore. 
Attractive terms. Send CV and references to: Box 
#907, c/o AOS. 


aia 


U AIR: Se 


ai 











General/Trauma 


Surgeon 


The successful candidate must qualify 
for a full-time medical faculty posi- 
tion at the rank of Assistant in the 
Department of Surgery at Brown 
University Medical School. Qualifica- 
tions include: board certification/eligi- 
bility in General Surgery, expertise 
in care of trauma patients, demon- 
strated abilities as an enthusiastic 
and effective teacher, and laboratory 
experience in wound healing 
research, particularly those states of 
impaired wound healing as seen in 
diabetes, etc. Rhode Island Hospital is 
a 719-bed voluntary, non-profit gen- 
eral hospital located in Providence, RI 
and affiliated with Brown University. 
Send letter of application and cur- 
riculum vitae to Chairperson of 
Search Committee, Department of 
Surgery, Rhode Island Hospital, 
593 Eddy Street, Providence, RI 
02902. Letters are to be received 
by April 13, 1990. The Rhode Island 
Hospital is an Equal Opportunity/ 
Affirmative Action Employer. 
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GENERAL SURGEON — Olmsted Medical Group is 
experiencing continuous growth and currently 
seeking a BC/BE general surgeon to join a busy, 
two-physician department. An excellent opportuni- 
ty for a well-trained physician to join a 50-physician 
multi-specialty group in an established, progressive 
practice. In addition to the recently expanded main 
office in Rochester, the Olmsted Medical Group 
operates eight branch offices in southeast Minne- 
sota. The affiliate hospital recently underwent com- 
plete renovation and expansion. Olmsted Medical 
Group offers a competitive salary and comprehen- 
sive benefit package, including malpractice insur- 
ance, flexible benefits plan, 401K and profit sharing. 
Send CV: Olmsted Medical Group, Attention: Susan 
Schuett, 210 Ninth Street Southeast, Rochester, MN 
55904. 


ONCOLOGIC SURGEON — Multi-specialty group 
in surburban Philadelphia needs a BE/BC oncologic 
surgeon for clinical practice. Preference given to 
candidates with thoracic and vascular expertise. 
Endoscopic skills also desired. Excellent benefits 
and salary leading to full partnership position. Send 
curriculum vitae and references to: Surgical Serv- 
ices, Ltd., Moss Plaza, Suite 206, 9892 Bustleton 
Avenue, Philadelphia, PA 19115. Attention: Robin E. 
Rosenberg, MD. 








GENERAL VASCULAR SURGEON with vascular 
fellowship to join three surgeons in practice of 
general, vascular and thoracic surgery in southern 
New Jersey, close to Philadelphia and shore points. 
Benefits and salary leading to partnership opportu- 
nity. Send CV to: Box #903, c/o AOS. 


HAWAII — GENERAL SURGEON. Board-certified/ 
-eligible general surgeon needed to join a large pre- 
paid multi-specialty group in Honolulu. Competitive 
salary and excellent fringe benefits. Applicants from 
high quality residency programs will be considered. 
Send CV to: Hawaii Permanente Medical Group, 
inc., 3288 Moanalua Road, Honolulu, HI 96819. An 
equal opportunity employer. 





The Southeast Permanente 


Medic 








...4n Atlanta 


° General Surgeon ® Orthopedic Surgeon ` 





The Southeast Permanente Medical Group, Inc. is a physician- 
owned and managed multi-specialty group based in Atlanta. 
Our group, which is one of the largest group practices in the 
Southeast, provides care to the members of the Kaiser Per- 
manente Medical Care Program. Due to our dynamic growth, 
we're seeking a BC/BE General Surgeon and Orthopedic 
Surgeon to join our team. 


Practicing with TSPMG allows you to build your own patient 
base, with the advantages of a large, multi-specialty group com- 
mitted to quality care and service. We provide top compensa- 
tion and exceptional benefits including professional liability 
coverage. 


For more information, please call or send your C.V. to: 
Jenny Johnson, Director of Professional Recruitment, or 
Harper Gaston, M.D., Medical Director; 
TSPMG; Dept. 00011; 3355 Lenox Rd., 
Suite 1000; Atlanta, GA 30326; (404) 


233-0555. KAISER PERMANENTE 
Good People. Good Medicine. 





An Equal Opportunity Employer 


specialty group to serve growing patient load. 
Northern Ohio college town serving drawing area 
275,000. Salary first year with full shareholder status 
available thereafter. Send CV to: Dr. VanDyke, 224 


West Lorain, Oberlin, OH 44074. 
GENERAL SURGEON 


To join two others in 50-physician multi-specialty 
clinic located 37 miles south of Madison, 2 hours from 
Chicago and Milwaukee. State-of-the-art hospital and 
clinic equipment. Excellent schools and community 
environment. First year salary with incentive, excellent 
benefits and early partnership with no buy-in. Send 
CV to: J.M. Ingalls, MD, Medical Director 
THE MONROE CLINIC 
Monroe, WI 53566 æ (608) 328-7000 













NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: National (800) 237-9851; Florida 
(800) 553-8288. 





GENERAL SURGEON — Marshfield Clinic Depart- 
ment of Surgery is expanding and is seeking an 
additional general surgeon with special interests 
and expertise in intensive care and surgical educa- 
tion. The surgeon would join eight existing general 
surgeons. Marshfield Clinic is a private group prac- 
tice consisting of 325 physicians representing all 
surgical and medical specialties. The clinic is physi- 
cally attached to a 525-bed acute care teaching 
hospital. A surgical residency program, University 
of Wisconsin Medical School affiliation, large medi- 
cal research foundation, plus a major secondary 
and tertiary level patient referral base contribute to a 
very stimulating environment. For additional infor- 
mation, please send a curriculum vitae to: John P. 
Folz, Assistant Director, Marshfield Clinic, 1000 
North Oak Avenue, Marshfield, WI 54449. Or call 
collect at: (715) 387-5181. 





AND CALL US IN THE MORNING 


Pick practice opportunities in the 20 states, 
from Florida to California, where Humana 
owns hospitals. Group, associate and solo 
opportunities are available in a variety of set- 
tings. Here are a few to pick from: 





Genera! Surgeons Otolaryngologists 
South Florida Enterprise, AL 
St. Petersburg, FL Kissimmee, FL 


Atlanta, GA Somerset, KY 
Louisa, KY College Station, TX 
Louisville, KY Layton, UT 
Neurosurgeons Plastic Surgeons 
Montgomery, AL Augusta, GA 
Augusta, GA Chattanooga, IN 


South Florida 
Dodge City, KS 


College Station, TX 


Lebanon, TN Orthopedic Surgeons 

Corpus Christi, TX Alabama 

Layton, UT Los Angeles Co., CA 

Greenbrier Valley, WV Central Florida 
Louisville, KY 

Urologists Nashville, TN area 

Natchez, MS 

Abilene, TX 


Beaumont, IX 


To find out about these and other oppor- 
tunities, call TOLL-FREE 1-800-626-1590, or send 
your curriculum vitae to: Manager, Profes- 
sional Relations, Humana, Inc., Dept. OO- 3, 

500 West Main Street, Louisville, KY 40201-1438. 
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__ Professional Opportunities 





GENERAL SURGEON desired for outstanding op- 
portunity to associate with three colleagues in an 
accredited multi-specialty group. Drawing area 
nearly 400,000 with two modern hospitals. Stimulat- 
ing Big-10 university community of 110,000 with 
superb cultural advantages. Ideal for families. Medi- 
cal school teaching affiliation if desired. Initial guar- 
antee and fringes with early associateship and sub- 
sequent income based on productivity. Send CV to: 
Medical Director, Christie Clinic, 101 West Univer- 
sity, Champaign, IL 61820. 


MAINE — GENERAL SURGEON: All modalities for 
JCAH, acute care hospital in northern lake and 
mountain region. Guaranteed cross coverage. 
Excellent financial package plus benefits and mov- 
-ing expenses. One hour from metropolitan center 
and major university campus. Send CV to: New Eng- 
land Health Search, 63 Forest Avenue, Orono, ME 
04473. Or call: (207) 866-5680 or (207) 866-5685 


Faculty Positions 


VASCULAR SURGEON — The Department of 
Surgery, Medical College of Pennsylvania is recruit- 
ing a board-certified/-eligible vascular surgeon fora 
full-time academic position. Responsibilities include 
patient care, research, medical student and resident 
instruction. Benefits and insurance included. Apply 
to: Division of Vascular Surgery, Medical College of 
Pennsylvania, Philadelphia, PA 19129. 
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ACADEMIC POSITION available in general surgery 
at a newly established medical school based in a 500 
plus bed tertiary care hospital serving a population 
center of 350,000. Duties include research, teaching 
students and residents. Large research laboratory in 
operation, staffed by a biochemist. Generous salary, 
office expenses and insurance with an opportunity 
_ for private practice. Please send CV: Will C. Sealy, 
MD, Professor and Chairman, Department of 
Surgery, 777 Hemlock Street, P.O. Box 6000, Macon, 
GA 31208. 


The successful candidate must qualify 
for a full-time medical faculty posi- 
tion at the rank of Assistant Pro- 
fessor in the Department of Surgery 
at Brown University Medical School. 
Qualifications include Board Certifi- 
cation/Eligibility in General Surgery, 
expertise and experience in caring for 
trauma patients, research experience 
in organ perfusion tissue incubation 
and methods for evaluation of 
substrate metabolism. At least 20 
percent of time will be devoted to 
research. Demonstrated abilities as 
an enthusiastic and effective teacher 
and leader are essential. Rhode 
Island Hospital is a 719-bed volun- 
tary, non-profit general hospital 
located in Providence and affiliated 
with Brown University. Send letter 
of application and curriculum 
vitae to Chairperson of Search 
Committee, Department of Sur- 
gery, Rhode Island Hospital, 593 
Eddy Street, Providence, RI 02902. 
Letters are to be received by April 
13, 1990. The Rhode Island Hospital 
is an Equal Opportunity/Affirmative 
Action Employer. 


Rhode Island 
HOSPITAL 





Bring your outstanding surgical skills to the Southern California Permanente Medica! 
Group and experience the freedom to focus on patient work. Not paperwork. 
We are a multispecialty group practice — a partnership composed of and managed by 


SCPMG physicians. 


Opportunities exist for board eligible/ certified Surgeons with a combined practice of 


Peripheral Vascular and General Surgery. 


Consider the advantages: the finest equipment and latest technology; the availability of 
consultations with other physicians of distinction; and a broad network of exceptional 
support personnel backed by excellent resources. 

Our compensation is competitive and benefits are outstanding. They include: 
professional liability, medical and dental coverage, vacation and sick leave, continuing 
education, life insurance and retirement plans. After two years of full-time employment, 
physicians are eligible to be considered for partnership. 

For a physician application, please call (800) 328-5278. If calling from outside of 
California, please call (800) 541-7946 or send your curriculum vitae to: Physician 
Recruitment, Dept. 018, Walnut Center, Pasadena, CA 91188-8013. 


Equal Opportunity Employer M/ F/H 
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KAISER PERMANENTE 
Good People. Good Medicine. 


Faculty Positions 


ASSISTANT AND ASSOCIATE PROFESSORS of 
surgery — Morehouse Department of Surgery seeks 
full-time academic surgical oncologist, general sur- 
geon, general surgeon/ENT, vascular surgeon to 
develop surgical service at busy 900 plus bed county 
facility. Pioneering opportunity. Salary negotiable. 
For further information please forward curriculum 
vitae to: Department of Surgery, 35 Butler Street, 
Suite 302, Atlanta, GA 30335. Telephone: (404) 
222-2610. 


SURGERY: The Department of Surgery at the Uni- 
versity of New Mexico is seeking a chief for its div- 
ision of plastic surgery at the associate professor/ 
professor level. Salary negotiable. Send resume and 
inquiries to: Donald E. Fry, MD, Chairman, Depart- 
ment of Surgery, University of New Mexico School 
of Medicine, Albuquerque, NM 87131. Application 
deadline: April 30, 1990. AA/EOE. 








Practices Available 


SOUTHERN INDIANA — Solo general surgery 
practice for sale; cooperative coverage; modern 
120-bed hospital; growing community; gross 
$400,000 plus; office lease or buy; will introduce. 
Send CV: Box #905, c/o AOS. 








PRACTICE OPENING: Central California coastal 

area. Diverse, busy outpatient facility using general 

and regional anesthesia. Respond to: Box #909, c/o 
OS. 





SELLING YOUR PRACTICE? The AMA journal in 

your specialty is your best place to advertise. Now 

available are very affordable ads that are perfect for 
finding a buyer. Call our “Classified Advertising” 
office toll free: National (800) 237-9851: in Florida 

(800) 553-8288. 

NEE EEE A 2 ER Eee oe ay Oe 
PLEASE NOTE—Adaress replies to box number 
ads as follows: Box number, , C/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 
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FIND THE PHYSICIAN 
YOU NEED NOW! 


The Archives of Surgery’s classified recruitment 
advertising section is seen by precisely the physi- 
cian you need — all general surgeons, plastic sur- 
geons — plus other surgical subspecialties. A total 
targeted physician audience of almost 47,000. 


Find the physician you need now. Send us your 
advertising order today. Just complete the coupon 
below and attach your typewritten copy. The next 
available issue is May which closes March 23rd. 


For complete advertising rate information, please 
see the first page of this section. 


















Insert my ad times, beginning 


with the 





issue. 








Place my ad under the heading 








——_———— 





Enclosed is my check for $ 
to cover full payment of my advertising schedule. 






Institution 







Contact Person 






Address 
City 
State 










Zip 







Telephone Number 






Authorized Signature 


Send all copy and payments to 
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Classified Department ~= 
P.O. Box 1510, Clearwater, Florida 34617 


National (800) 237-985] 
Florida (800) 553-8288 O Local (813) 443-7666 
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OBJECTIVES 


e To increase knowledge of surgical principles and practice 
e To prepare candidates to take written and oral board exams 
e To provide a comprehensive review for recertification 


The Osler Institute 
Surgery Boards Review Course 


June 4-10, 1990 — St. Louis 
September 17-23, 1990 Chicago 


Now, a special update for your written, recertification, or oral exam 


METHODS 


e HOME STUDY questions, assignments and answers 
e SEMINAR with projection slides and syllabus 


e PRACTICE EXAMS with written and oral parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


Part I Courses: June 4-10, 1990 — St. Louis 
Sept. 17-23, 1990 — Chicago 


Part II Courses: 
June 8-10 — St. Louis 


BASIC SURGERY Abdomen Sept. 7-9 — Hartford 
Anatomy Liver and Gallbladder Oct. 26-28 — Columbus 
y Pancreas and Spleen 
Physiology Peritonitis Dec. 7-9 — Seattle 
Fluids and Electrolytes Abdominal Wall 
Acid-Base and Gases Retroperitoneum The Part II Course 1S 
Metabolic Response designed to prepare board 
Breast : : 
Wound Healing Ski candidates for their oral 
Anesthesiology ʻi exams. 
Shock Head and Neck The course will consist most- 
R itati Anatomy ly of mock oral exams, each 
esuscitation Tumors ; 
Bleeding based on a presenting 
Transfusion Trauma probie leading to questions 
i on differential osis, 
Neoplasia | SPECIAL SURGERY treatment options antes 
Transplantation Thoracic Surgery plications. Faculty will 
Trauma Chest Wall/Pleura critique each exam and 
oe eee Lung/Mediastinum answer questions. 

i Cardiac Surge P : 
Surgical Care Congenital Heart ea anes ee wane ar 
Pre- and post-op Acomred Heart exam an que session an 

Nutrition Deine, wucabai text ics unlimited observation of 
Patient Monitoring Vascular Surgery other sessions. Additional 25 
Infections The Great Veins minute sessions may be ar- 
Peripheral Arteries. ranged in advance for $60 and 
GENERAL SURGERY Veins and Lymphatics eat sessions Bits w other 
i Orthopedic Surge cipants observing) may 
Teteashiass mers Sing ied EBerY be arranged for an additional 
Stomach Joint Disorders $30. Topics will include dis- 
Appendix Amputations eases and trauma of: 
Colon Hand Surgery Alimentary Tract 
Rectum and Anus Pediatric Surgery Abdomen 
eee Urologic Surgery Breast and Thorax 
er Gynecologic Surgery Head and Neck 
Parathyroid 
Pituitary Neurosurgery Vascular System 
Adrenal Plastic Surgery Endocrine System 


Name 
Address 
City/State/Zip 
Phone 


P.O. Box 2218 


Mail today to: 


1094 Dawn Lane, Dept. ArS3 


Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 











For: C] Part I: June 4-10 — St. Louis 
O Part I: Sept. 17-23 — Chicago 
O Part I Course: 





date city 


C Check is enclosed for $ 


Terre Haute, IN 47802 [] Please send more information. 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The Part I 
course is mostly lectures and evening 
mock oral exams to help you prepare for 
your written and oral or recertification 
exams. The Part II course is mostly mock 
oral exams for three days before and in 
the same city as each oral exam. e 
course hotel will be the best available 
combination of excellent study environ- 
ment and bargain rates. We will inform 
participants as soon as the hotel contract 
is signed. Please await instructions 
before purchasing your travel tickets. 


" and those little ectras...."* 


LOWEST AIR FARES: Please call 
toll-free 1-800-548-8185 and identify 
yourself with this Osler course for special 
group fares. 


"remarkably complete and pleasant ”* 


PLACEMENT SERVICE: For a practice 
opportunity write or call 1-800-356-7537. 


" the most education for the money."* 
FEES AND CATEGORY 1 HOURS: 


e Surgeon or Resident: Surg. Res. hrs. 
e Part I course: $720 $480 65 
e Part II course: $390 $260 28, 


e Repeating course within 3 years: half price 

è Add 10% within 10 days of the course. 

e Attendees not in course hotel add $11/day. 

e Fees do not include lodging or meals. 

e A deposit of $50 will reserve your position. 

e Most home study materials will be mailed 
after half of the registration fee is received. 


" home study material was extremely helpfiil."* 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 
eCancellation after mailing home study 
material requires retention of half the fee. 


"I feel [the course] helped me pass the boards."* 


INFORMATION: 
Joseph H. Selliken Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


*Comments by participants of our courses 
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due to indicated organisms 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
Urinary tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 
Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
Staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
uang ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 

kin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 
Gynecologic infections caused by Staphylococcus aureus* (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species* and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species"). 
intra-abdominal infections caused by E coli, Klebsiella species (including K pneumoniae"), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus." 
“Efficacy for this organism in this organ system was studied in fewer than ten infections. 

Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. Therapy may be instituted 
before results of susceptibility studies are known; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly. 

In cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
serious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
concomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
to be synergistic in vitro against many Enterobacteriaceae and also some other gram-negative bacteria. 
The dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
of the infection and the patient's condition. 

NOTE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean con- 
taminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract surgery, and gastrointestinal er pa 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
of the umbilical cord. 

lf there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
CONTRAINDICATIONS 
selene contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 
Before therapy with CEFOTAN is instituted, careful inqui 
patient has had previous hypersensitivity reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 

Serious acute hypersensitivity reactions may require oe and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observati n of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
tional state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
risk and exogenous vitamin K administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, par- 
ticularly colitis. 

INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by flushing, bee headache, and tachycardia may occur when alcohol! (beer, wine, 
etc.) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
rel of alcoholic beverages following the administration of CEFOTAN. 

DRUG INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
alone, it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 

DRU BORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
creatinine reported. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
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developmentally analogous to late childhood and gh tek in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methyithiotetrazole- 
containing antibiotics and impaired fertility has been reported, papa at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant dogs (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
_— direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 

epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
eel reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 
Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


“Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 
mL/min Dose Frequency 
>30 Usual Recommended Dosage” Every 12 hours 
10-30 Usual Recommended Dosage* Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function. 


Weight (kg) x (140 - age) 


Males: RS REE EO ee 
72 x serum Creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 R dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a pharmacy bulk package of 10 g in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

1 g in 10 mL vial (NDC 0038-0376-10); 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in t00 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10) 
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SPECIAL ARTICLE 
The Next Generation of Surgical Residencies Barnes 


PROGRAM OF THE ASSOCIATION OF VETERANS 
ADMINISTRATION SURGEONS — 1989 


Enterococcal Sepsis and Lung Microvascular Injury in Sheep Barke, Dunn, 
Dalmasso, Allen, Humphrey 


Hepatic Parenchymal Oxygen Tension Following Injury and Sepsis Dahn, Wilson, 
Lange, Stone, Jacobs 


Interferon Gamma and Tumor Necraay Factor Alpha Malangoni, Livingston, 
| Sonnenfeld, Polk 


Liver Biochemical and Histological = belli With Graded Amounts of Total 
Parenteral Nutrition Campos, Oler, Meguid, Chen 


Source of Plasma Chromogranin A Elevation in Gastrinoma Patients Stabile, 
Howard, Passaro, O’Connor 


Neutrophil Chemotactic Activity in Human Gastric Secretions Kozol, Punzo, 
= Ribaudo, Rossomando, Elgebaly 


- Vagotomy Effect on Gastric Prostaglandins ARTT = Levine, Curtsinger, Sirinek 


Changes in Gallbladder Volume Do Not Affect Cystic Duct Resistance Sharp, 
Ross, Tillman, Williams 


Pancreaticoduodenectomy Doerr, Yildiz, Flint 


Protein Differences in Human Pancreatic Cancer Cell Lines With Diverse Metastatic 
Potential Schwalke, Doremus, Bleday, Wanebo, Vezeridis 
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Once for prophylaxis. 
Once daily for cure. 








The prophylactic dose of ROCEPHIN is also the daily therapeutic 
dose. ROCEPHIN, 1 gm given once prior to surgery,” provides 
effective prophylaxis against infection and is on board throughout 
the perioperative period—even if surgery is delayed or prolonged. 


And ROCEPHIN, 1 gm given once a day, is the therapeutic dosage 
for the following common postsurgical infections: respiratory 
tract or skin/skin structure infections due to Staphylococcus aureus, 
Klebsiella pneumoniae and Proteus mirabilis; urinary tract infections 
due to Escherichia coli, K. pneumoniae and P mirabilis. 


Efficacy, economy and ease. ROCEPHIN: 1 gm once for prophylaxis, 
once daily for cure. 
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As with any cephalosporin, there exists the possibility of hypersensitivity reactions, 
especially in individuals with a history of sensitivity. 
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tococcus species (excluding enterococci), E. cloacae, Klebsiella species (including K. pneumo- 
niae), Proteus mirabilis and Pseudomonas aeruginosa. 
URINARY TRACT INFECTIONS (complicated and uncomplicated) caused by E. coli, Proteus mir- 
abilis, Proteus vulgaris, M. morganii and Klebsiella species (including K. pneumoniae). 
UNCOMPLICATED GONORRHEA (cervical/urethral and rectal) caused by Neisseria gonor- 
rhoeae, including both penicillinase and nonpenicillinase producing strains. 
PELVIC INFLAMMATORY DISEASE caused by N. gonorrhoeae. 
BACTERIAL SEPTICEMIA caused by Staph. aureus, Strep. pneumoniae, E. coli, H. influenzae and 
K. pneumoniae. 
BONE AND JOINT INFECTIONS caused by Staph. aureus, Strep. pneumoniae, Streptococcus 
species (excluding enterococci), E. coli, P mirabilis, K. pneumoniae and Enterobacter species. 
INTRA-ABDOMINAL INFECTIONS caused by E. coli and K. pneumoniae. 
MENINGITIS caused by H. influenzae, N. meningitidis and Strep. pneumoniae. Ceftriaxone has 
also been used successfully in a limited number of cases of meningitis and shunt infections 
caused by Staph. epidermidis and E. coli. 
SURGICAL PROPHYLAXIS: Preoperative administration of a single 1 gm dose may reduce inci- 
dence of postoperative infections in patients undergoing surgical procedures classified as con- 
taminated or potentially contaminated (e.g., vaginal or abdominal hysterectomy) and in those for 
whom infection at the operative site presents serious risk (e.g., during coronary artery bypass 
surgery). 
Although ceftriaxone has been shown to have been as effective as 
cefazolin in the prevention of infection following coronary artery by- 
pass surgery, no placebo-controlled trials have been conducted to 
evaluate any cephalosporin antibiotic in the prevention of infection 
following coronary artery bypass surgery. When administered be- 
fore indicated surgical procedures, a single 1 gm dose provides 
protection from most infections due to susceptible organisms for 
duration of procedure. 
SUSCEPTIBILITY TESTING: Before instituting treatment with 
Rocephin, appropriate specimens should be obtained for isolation 
of the causative organism and for determination of its susceptibil- 
ity to the drug. Therapy may be instituted prior to obtaining results 
of susceptibility testing. 
CONTRAINDICATIONS: Rocephin is contraindicated in patients with 
known allergy to the cephalosporin class of antibiotics. 
WARNINGS: BEFORE THERAPY WITH ROCEPHIN IS INSTITUTED, 
CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE WHETH- 
ER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY RE- 
ACTIONS TO CEPHALOSPORINS, PENICILLINS OR OTHER 
DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO 
PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS SHOULD BE 
ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS 
DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO 
DRUGS. SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY 
REQUIRE THE USE OF SUBCUTANEOUS EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. _ 
Pseudomembranous colitis, reported with nearly all antibacterial agents, including ceftriaxone, may 
range in severity from mild to life-threatening. Therefore, consider this diagnosis in patients who present 
with diarrhea subsequent to administration of antibacterial agents. 
Treatment with antibacterial agents alters normal flora of the colon and may permit overgrowth 
of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
“antibiotic-associated colitis.” 
After establishing diagnosis of pseudomembranous colitis, initiate therapeutic measures. Mild 
cases of pseudomembranous colitis usually respond to drug discontinuation alone. In moderate to 
severe Cases, Consider management with fluids and electrolytes, protein supplementation and 
treatment with an oral antibacterial drug effective against C. difficile. 
Rarely, shadows suggesting sludge have been detected by sonograms of the gallbladder in 
asymptomatic and symptomatic patients. This appears to be reversible on discontinuation of ther- 
apy. In a few symptomatic patients receiving higher than usual doses, who underwent surgery, 
sludge containing traces of ceftriaxone was recovered from surgical specimens. Discontinue ther- 
apy in patients who develop signs or symptoms suggestive of gallbladder disease; consider con- 
servative management. 
PRECAUTIONS: GENERAL: Although transient elevations of BUN and serum creatinine have been 
observed, at the recommended dosages, the nephrotoxic potential of Rocephin is similar to that of 
other cephalosporins. ! 
Ceftriaxone is excreted via both biliary and renal excretion (see Clinical Pharmacology). Therefore, 
patients with renal failure normally require no adjustment in dosage when usual doses of Rocephin 
are administered, but concentrations of drug in the serum should be monitored periodically. If evi- 
dence of accumulation exists, dosage should be decreased accordingly. 
Dosage adjustments should not be necessary in patients with hepatic dysfunction; however, in pa- 
tients with both hepatic dysfunction and significant renal disease, Rocephin dosage should not ex- 
ceed 2 gm daily without close monitoring of serum concentrations. 
Alterations in prothrombin times have occurred rarely in patients treated with Rocephin. Patients 
with impaired vitamin K synthesis or low vitamin K stores (e.g., chronic hepatic disease and mal- 
nutrition) may require monitoring of prothrombin time during Rocephin treatment. Vitamin K ad- 
ministration (10 mg weekly) may be necessary if the prothrombin time is prolonged before or during 
therapy. 
Prolonged use of Rocephin may result in overgrowth of nonsusceptible organisms. Careful obser- 
vation of the patient is essential. If superinfection occurs during therapy, appropriate measures 
should be taken. 
Rocephin should be prescribed with caution in individuals with a history of gastrointestinal dis- 
ease, especially colitis. 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Carcinogenesis: Considering 
the maximum duration of treatment and the class of the compound, carcinogenicity studies with 
ceftriaxone in animals have not been performed. The maximum duration of animal toxicity studies 
was six months. 
Mutagenesis: Genetic toxicology tests included the Ames test, a micronucleus test and a test for 
chromosomal aberrations in human lymphocytes cultured in vitro with ceftriaxone. Ceftriaxone 
showed no potential for mutagenic activity in these studies. 
Impairment of Fertility: Ceftriaxone produced no impairment of fertility when given intravenously to 
rats at daily doses up to 586 mg/kg/day. approximately 20 times the recommended clinical dose 
of 2 gm/day. 
PREGNANCY: Teratogenic Effects: Pregnancy Category B. Reproductive studies have been per- 
formed in mice and rats at doses up to 20 times the usual human dose and have no evidence of 
embryotoxicity, fetotoxicity or teratogenicity. In primates, no embryotoxicity or teratogenicity was 
demonstrated at a dose approximately three times the human dose. 
There are, however, no adequate and well-controlled studies in pregnant women. Because animal 
reproductive studies are not always predictive of human response, this drug should be used dur- 
ing pregnancy only if clearly needed. 
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established for the dosages described in the Dosage and Administration section. In vitro st 
have shown ceftriaxone, like some other cephalosporins, can displace bilirubin from serum albu- 
min, Rocephin should not be administered to hyperbilirubinemic neonates. especially prematures 


ADVERSE REACTIONS: Rocephin is generally well tolerated. In clinical trials. the following adverse 
reactions, which were considered to be related to Rocephin therapy or of uncertain etiology, were 
observed: 

LOCAL REACTIONS—pain, induration or tenderness at the site of injection (1%). Less frequently 
reported (iess than 1%) was phlebitis after I.V. administration 

HYPERSENSITIVITY—rash (1.7%). Less frequently reported (less than 1%) were pruritus, fever 
or chills. 

HEMATOLOG/C—eosinophilia (6%), thrombocytosis (5.1%) and leukopenia (21%). Less frequent- 
ly reported (less than 1%) were anemia, neutropenia. lymphopenia, thrombocytopenia and prolon- 
gation of the prothrombin time. 

GASTROINTESTINAL—diarrhea (2.7%). Less frequently reported (less than 1%) were nausea or 
vomiting, and dysgeusia. Onset of pseudomembranous colitis symptoms may occur during or after 
antibiotic treatment (see WARNINGS). 


HEPATIC—elevations of SGOT (3.1%) or SGPT (3.3%). Less frequently reported (less than 1%) 
were elevations of alkaline phosphatase and bilirubin. 


RENAL—elevations of the BUN (1.2%). Less frequently reported (less than 1%) were elevations of 
creatinine and the presence of casts in the urine. 


CENTRAL NERVOUS SYSTEM—headache or dizziness were re- 
ported occasionally (less than 1%) 


GENITOURINARY —moniliasis or vaginitis were reported occa- 
sionally (less than 1%). 


MISCELLANEOUS—diaphoresis and flushing were reported oc- 
Casionally (less than 1%). 


Other rarely observed adverse reactions (less than 0.1%) include 
leukocytosis, lymphocytosis. monocytosis, basophilia, a decrease 
in the prothrombin time, jaundice, gallbladder sludge, glycosuria, 
hematuria, anaphylaxis, bronchospasm, serum sickness, abdom- 
inal pain, colitis, flatulence, dyspepsia, palpitations and epistaxis. 


DOSAGE AND ADMINISTRATION: Rocephin may be administered in- 
travenously or intramuscularly. The usual adult daily dose is 1 to 
2 gm given once a day (or in equally divided doses twice a day) 
depending on the type and severity of the infection. The total daily 
dose should not exceed 4 grams. 

For the treatment of serious miscellaneous infections in children, other 
than meningitis, the recommended total daily dose is 50 to 75 mg/kg 
(not to exceed 2 grams), given in divided doses every 12 hours. 
Generally, Rocephin therapy should be continued for at least two 
days after the signs and symptoms of infection have disappeared 
The usual duration is 4 to 14 days; in complicated infections longer 
therapy may be required. 

In the treatment of meningitis, a daily dose of 100 mg/kg (not to ex- 
ceed 4 grams), given in divided doses every 12 hours, should be 
administered with or without a loading dose of 75 mg/kg 

For the treatment of uncomplicated gonococcal infections, a single intramuscular dose of 250 mg 
is recommended. 

For preoperative use (surgical prophylaxis), a single dose of 1 gm administered 1/2 to 2 hours be- 
fore surgery is recommended. 

When treating infections caused by Streptococcus pyogenes, therapy should be continued for at 
least ten days. 

No dosage adjustment is necessary for patients with impairment of renal or hepatic function; how- 
ever, blood levels should be monitored in patients with severe renal impairment (e.g., dialysis pa- 
tients) and in patients with both renal and hepatic dysfunctions. 

HOW SUPPLIED: Rocephin (ceftriaxone sodium/Roche) is supplied as a sterile crystalline powder in 
glass vials and piggyback bottles. The following packages are available: 

Vials containing 250 mg. 500 mg, 1 gm or 2 gm equivalent of ceftriaxone: piggyback bottles con- 
taining 1 gm or 2 gm equivalent of ceftriaxone; bulk pharmacy containers containing 10 gm equiv- 
alent of ceftriaxone (NOT FOR DIRECT ADMINISTRATION) 

Also supplied as a sterile crystalline powder as follows: 

ADD-Vantage Vials®* containing 1 gm or 2 gm equivalent of ceftriaxone 

Also supplied premixed as a frozen iso-osmotic, sterile, nonpyrogenic solution of ceftriaxone so- 
dium in 50 mL single dose plastic containers,t as follows: 


1 gm equivalent of ceftriaxone, iso-osmotic with approximately 1.9 gm dextrose hydrous, USP 
added. 
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2 gm equivaient of ceftriaxone, iso-osmotic with approximately 1.2 gm dextrose hydrous, USP 
added. 


NOTE: Rocephin in the frozen state should not be stored above -20°C 
"Registered trademark of Abbott Laboratories, Inc. 


tManufactured for Roche Laboratories, a division of Hoffmann-La Roche Inc.. by Travenol Labo- 
ratories. Inc., Deerfield, Illinois 60015. P 
Pi. 0489 


Roche Laboratories 


<> a division of Hoffmann-La Roche Inc. 


340 Kingsland Street 
Nutley, New Jersey 07110-1199 
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A Sires is blessed with 
an earthy wisdom that 


allows her to accept what is. 
But deep inside also burns 
a fiery determination never 
to give into it. 

Four years ago, Ann 
learned she had colon can- 
cer. And about six months 
to live. She began a battle 
for life that would take 
her through eleven surgeries. 
Then two-and-a-half 
years ago, to an indispens- 
able ally. 

While in the hospital, 
her physician, Dr. James 
Congdon, introduced Ann 
to Caremark Homecare. 
Through a regimen ot Total 
Parenteral Nutrition and 
chemoth erapy, Carema rk 
has helped Ann fight her 
cancer to a draw. 

Yet, she realizes that 


this battle may never be 


fully won. Which is perhaps 


why Ann's greatest comfort 
comes from lifes simple 
pleasures. À 12-year-old boy 
to bring up right. Five hun- 
dred bulbs in the ground 
waiting for spring. And the 
folks in Carnation, Wash- 
ington who say you haven't 
lived until you ve tasted 
Annies Double Mint Apple 
Jelly. 

Caremark Homecare. 
Because life should be 


worth living 


CAREMARK 


Affiliate Baxter Healthcare Corporation 
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SPECIAL ARTICLE 


è A chairman and program director analyzes the current state 
of surgical residency training and proposes a solution. 
i 


Official Publication of the Association of Veterans Administration 
Surgeons, New England Surgical Society, Pacific Coast Surgical 
Association, Society of Surgical Oncology, Surgical Infection 
Society, Western Surgical Association. 


PAPERS READ BEFORE THE 13TH ANNUAL MEETING OF THE ASSOCIATION OF 
VETERANS ADMINISTRATION SURGEONS, MAY 4 TO MAY 6, 1989, SAN ANTONIO, TEX 


Enterococcal Sepsis and Lung Microvascular Injury in Sheep 
Roderick A. Barke, MD; David L. Dunn, MD, PhD; Agustin Dalmasso, MD; 


Melody O'Connor Allen, MD; Edward W. Humphrey, MD, PhD, Minneapolis, Minn 
@ In a bile duct contamination model, Streptococcus faecalis demonstrated limited pathogenicity 
as expressed in lung microvascular injury when compared to Escherichia coli. 


Hepatic Parenchymal Oxygen Tension Following Injury andSepsis....................... 00000-00055. 441 


Michael S. Dahn, MD; Robert F. Wilson, MD; M. Patricia Lange, MSN; 
Aaron Stone, MD; Lloyd A. Jacobs, MD, Detroit, Mich 


@ Analysis of hepatic blood flow and splanchnic oxygen consumption emphasizes 
the importance of maintaining oxygen transport in patients with sepsis. 
Interferon Gamma and Tumor Necrosis Factor Alpha: Use in Gram-negative Infection After Shock ............ . 444 
Mark A. Malangoni, MD; David H. Livingston, MD; Gerald Sonnenfeld, PhD; Hiram C. Polk, Jr, MD, Louisville, Ky 
eè Interferon gamma and TNF alpha may be useful to reduce the severity of 
gram-negative infections following shock with bacterial contamination. 
Liver Biochemical and Histological Changes With Graded Amounts of Total Parenteral Nutrition ............... 447 
Antonio Carlos Campos, MD, MS; Albert Oler, MD, PhD; Michael M. Meguid, MD, PhD; Ting-Yuan Chen, MD, Syracuse, NY 
è Experimentally, fatty vacuoles were increased with total parenteral nutrition, but liver morphologic features 
promptly returned to normal after total parenteral nutrition cessation and normal food intake. 


Source of Plasma Chromogranin A Elevation in Gastrinoma Patients..............................0... 451 


Bruce E. Stabile, MD, San Diego, Calif; Thomas J. Howard, MD, 
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i] 
The ARCHIVES OF SURGERY (ISSN 0004-0010) is published monthly by 
the American Medical Association, 535 N Dearborn St, Chicago, IL 60610, 
and is an official publication of the Association. Second-class postage paid 
at Chicago, IL 60610, and at additional mailing office. 


SUBSCRIPTION RATES—The subscription rates for the ARCHIVES OF 
SURGERY are as follows: $56 for one year, $97 for two years in the United 
States and US possessions; all other countries, one year, $66; two years, 
$117 for surface delivery. For expedited air delivery to most countries, add 
$15 surcharge for one year subscription, $30 for two years. (Rates for 
subscriptions for delivery to Japan or South Korea are available through 
exclusive agents — contact the publisher.) Special rates for residents and 
medical students in the United States and US Possessions are avail- 
able. Address inquiries to the American Medical Association, Circulation 


Arch Surg — Vol 125, April 1990 


and Fulfillment Division, 535 N Dearborn St, Chicago, IL 60610. Phone: 
(312)280-7168. 


CHANGE OF ADDRESS — POSTMASTER, send all address changes to the 
ARCHIVES OF SURGERY, Attention: Subscription Department, 535 N 
Dearborn St, Chicago, IL 60610. Notification of address change must be 
made at least six weeks in advance, include both old and new addresses, a 
recent mailing label, and your new zip code. 


Advertising Principles: Each advertisement in this issue has been re- 
viewed and complies with the principles governing advertising in AMA 
scientific publications. A copy of these principles is available on request. 
The appearance of advertising in AMA publications is not an AMA guaran- 
tee or endorsement of the product or the claims made for the product by the 
manufacturer. 


421 


CONTENTS—Continued 
Protein Differences in Human Pancreatic Cancer Cell Lines With Diverse Metastatic Potential ................. 469 
Michael A. Schwalke, MD; Craig M. Doremus, MS; Ronald Bleday, MD; ° 
Harold J. Wanebo, MD; Michael P. Vezeridis, MD, Providence, RI 
è There are quantitative and qualitative differences in the cellular 
proteins of human pancreatic cancer with varying metastatic potential. 
The Cause of Coagulopathy After Peritoneovenous Shunt for Malignant Ascites .................-.5..5055 474 
John J. Gleysteen, MD; Clara V. Hussey, MD; Margaret G. Heckman, MD, Milwaukee, Wis 
eè Studies of postoperative coagulopathy following peritoneovenous shunting indicate that plasminogen- rather 
than thromboplastin-activated fibrinolysis occurred and that platelet reduction was largely dilutional. 
Release of Chemotactic Factors by Veins During Preparation for ArterialBypass......... 2... 2... . 2. eee ene, 481 
Steven T. Ruby, MD; Medhat E. Allam, MD; MaryAnn Gallo; Sara Barth; Salwa A. Elgebaly, PhD, Farmington, Conn 
eè Vein grafts play a role in the recruitment of neutrophils to implanted veins by releasing chemoattractants. 
Effects of Atherosclerosis on the Cutaneous Regional and Microcirculatory Response to Ischemia ............. 485 
Richard W. Schwartz, MD; Hu Qing-Fu, MD; Nancy M. Logan; Daniel R. Richardson, PhD; Gordon L. Hyde, MD, Lexington, Ky 
è Atherosclerosis does not alter the mechanisms of reactive hyperemia 
in either the macrocirculation or the microcirculation. 
Unna’s Boot vs Polyurethane Foam Dressings for the Treatment 
of Venous Ulceration: A Randomized Prospective Study .... 06... ee eee eee 489 
Jeffrey R. Rubin, MD; Jeffrey Alexander, MD; Edward J. Plecha, MD; Cynthia Marman, RN, Cleveland, Ohio 
è impregnated gauze exhibited superior treatment results when compared with polyurethane foam dressings. 
FESTSCHRIFT FOR GEORGE H. A. CLOWES, JR, MD 
in Memoriam: George H. A. Clowes, Jr, MD, 1915-1988... 6.1 eee 491 
John H. Siegel, MD, Baltimore, Md; William V. McDermott, MD; Glenn D. Steele, MD; Douglas W. Wilmore, MD; 
Erwin F. Hirsch, MD; Roger L. Jenkins, MD, Boston, Mass; Louis R. M. DelGuercio, MD, Valhalla, NY; 
Josef E. Fischer, MD, Cincinnati, Ohio; Frank B. Cerra, MD, Minneapolis, Minn 
Alterations of Gene Expression in Human Colorectal Cancer: Biologiclmplications.................-5.555. 493 
Glenn D. Steele, Jr, MD, PhD; Samuel Davis, PhD; Hsiukang Yow, PhD; Jau Min Wong, PhD; Elissa N. Rivers, PhD; 
lan C. Summerhayes, PhD; T. S. Ravikumar, MD; Lan Bo Chen, PhD, Boston, Mass 
è Understanding colorectal cancer will not be accomplished by studying one or 
two oncogenes in a limited number of cell lines or fresh human tissue. 
Early Physiologic Predictors of Injury Severity and Death in Blunt Multiple Trauma ..........- 2... -. sss e5e. 498 
John H. Siegel, MD; Avraham I. Rivkind, MD; Samir Dalal, MD; Shirin Goodarzi, MS, Baltimore, Md 
e This model predicts outcome in patients with blunt liver trauma and is highly correlated with initial 24-hour blood 
volume requirements; it was highly significant as an early predictor of outcome in patients with multiple trauma. 
Invited Commentary: Donald D. Trunkey, MD, Portland, Ore 
Is There a Circulating Proteolysis-Inducing Factor During Sepsis? .... ©... 6. eee 510 
Per-Olof Hasselgren, MD, PhD; J. Howard James, PhD; Daniel W. Benson, MD; 
Shujun Li, MD; Josef E. Fischer, MD, Cincinnati, Ohio 
è Septic plasma did not stimulate myofibrillar protein breakdown; hence, the role 
of a circulating muscle proteolysis factor during sepsis remains unclear. 
Invited Commentary: Lyle L. Moldawer, PhD, New York, NY 
APACHE II Score Does Not Predict Multiple Organ Failure or Mortality in Postoperative Surgical Patients.......... 519 
Frank B. Cerra, MD; Francesco Negro, MD; Jerome Abrams, MD, Minneapolis, Minn 
@ The APACHE II score did not predict the development of multiple organ failure syndrome 
(MOFS) or mortality and significantly underestimated the potential to develop MOFS. 
The Budd-Chiari Syndrome and Hepatic Veno-occlusive Disease: Recognition and Treatment................. 525 
William V. McDermott, MD, FACS, Paul M. Ridker, MD, Boston, Mass 
e The Budd-Chiari syndrome, caused by the toxic effects of specific alkaloids, 
is treated effectively with hepatic and portal decompression. 
Sepsis, Signals, and Surgical Sequelae (A Hypothesis)... .. 6... 66. ee 531 
Hamish R. Michie, FRCS, Douglas W. Wilmore, MD, Boston, Mass 
è Blocking the deleterious effects of cytokines while maintaining 
their beneficial effects is a future therapeutic goal. 
ORIGINAL ARTICLE 
Excellent Shoulder Function Is Attainable After Partial or Total Scapulectomy: Analysis at Prolonged Follow-up. ... . 537 
Barbara Ward, MD; Charles McGarvey, RPT; Michael T. Lotze, MD, Bethesda, Md 
è Preoperative assessment and postoperative rehabilitation are essential in 
obtaining maximum shoulder function following partial scapulectomy. 
CLINICAL NOTES 


Adenomyoma ofthe Common Bile Duct .-...:... s rensede sisemaa ee a e a aai ET e eee 543 
Nicholas Ch. Legakis, MD; Apostolos P. Stamatiadis, MD; Constantina Papadimitriou-Karapanou, MD; 
Nicholas S. Apostolidis, MD, Athens, Greece 


Vertebral Artery Pseudoaneurysm: A Rare Complication of Subclavian Artery Catheterization................. 546 
Joseph F. Amaral, MD; Victor E. Grigoriev, MD; Gary S. Dorfman, MD; Wilfred |. Carney, Jr, MD, Providence, RI 

REGULAR DEPARTMENTS 

Correspondence and Brief Communications ....... 551. . Claesified Advertising- Tro cot se od ea ae eras 554 

INO A ANE haa Al RR Ie ik E e T AE a 551: --ihdexto Advor e 20. E O E TEAS 428 

metructions for AMO 6. r Era p T a 529 


422 ArchSurg—Vol 125, April 1990 


A L 
YNYATYI]I 


ith 
omAtoB wi 
pè longer 


staple line 





Archives of Surgery 


EDITORIAL BOARD 


Claude H. Organ, Jr, MD 
Editor 
Archives of Surgery 
University of California-Davis, East Bay 
1411 E31stSt 
Oakland, CA 94602 


Patrick L. Twomey, MD 
Associate Editor 
Martinez, Calif 


Arthur E. Baue, MD 
Consulting Editor 
St Louis, MO 


F. William Blaisdell, MD 
Consulting Editor 
Sacramento, Calif 


Thomas Hunt, MD 
Consulting Editor 
San Francisco, Calif 


Victor Richards, MD 
Consulting Editor 
San Francisco, Calif 


Margaret M. Kosiba 
Editorial Assistant 
Oakland, Calif 


Charles M. Balch, MD 
Houston, Tex 


Clyde F. Barker, MD 
Philadelphia, Pa 


Robert W. Beart, Jr, MD 
Scottsdale, Ariz 


John F. Burke, MD 
Boston, Mass 


John L. Cameron, MD 
Baltimore, Md 


C. James Carrico, MD 
Seattle, Wash 


Edward M. Copeland Ill, MD 
Gainesville, Fla 


William L. Donegan, MD 
Milwaukee, Wis 


Calvin B. Ernst, MD > 
Detroit, Mich 


Donald S. Gann, MD 
Providence, RI 


Lazar J. Greenfield, MD 
Ann Arbor, Mich 


Alden H. Harken, MD 
Denver, Colo 


Robert E. Hermann, MD 
Cleveland, Ohio 


Joseph Ignatius, MD 
San Francisco, Calif 


Donald L. Kaminski, MD 
St Louis, Mo 


LaSalle D. Leffall, Jr, MD 
Washington, DC 


David L. Nahrwold, MD 
Chicago, III 


Basil A. Pruitt, Jr, MD 
San Antonio, Tex 


Mark C. Rogers, MD 
Baltimore, Md 


John L. Sawyers, MD 
Nashville, Tenn 


Norman W. Thompson, MD 
Ann Arbor, Mich 


Ronald K. Tompkins, MD 
Los Angeles, Calif 


Donald D. Trunkey, MD 
Portland, Ore 


Alexander J. Walt, MD 
Detroit, Mich 


Lawrence W. Way, MD 
San Francisco, Calif 


Bernard Lytton, MD 
Consultant in Urology 


ae 


PUBLICATION STAFF 
535 N Dearborn St, Chicago, IL 60610 


Michael D. Springer, Managing Editor and 
Director, AMA Specialty Journals 

Julie Foreman, Associate Editor 

Marlene M. Hinsch, Production Manager 


John R. Sayban, Mary C. Steermann, Assistant 
Production Managers 


Nawin Gupta, Electronic Manager 
Chery! Iverson, Editorial Processing Manager 


Paula Glitman, Assistant Editorial Processing 
Manager 


Dennis J. Shipley, Permissions and Graphic 
Design Manager 


Electronic Coordinator: Mary Ellen McGrain 


Staff Assistants: Diane Darnell, Bonnie Van 
Cleven 


Copy Editing: Patricia A. Coleman (Supervisor), 
Vickey Golden (Free-lance Coordinator), Paul 
Frank (Senior Copy Editor), Philip Rogers, 
Janice Snider 


424 


Production Supervisors: Betty Frigerio (Advertis- 
ing), Thomas J. Handrigan (Illustrations), JoAnne 
Weiskopf (Layout) 


Proofreading: Teresa H. Omiotek, Jennifer 
Reiling, Barbara Wojtowicz 


Production Associate: Susan Price 


Art and Senior Production Assistants: Melinda 
Arcabos, Laura Bleiler, Karen Branham, Cynthia 
Gelper, Anita Henderson, Debra Lucas, Susan L. 
Mcliwaine, Juliana K. Mills, Dorothy Patterson, 
E. Ruth White 


Production Assistants: Brenda Chandler, Sandra 
Sanders 


Manuscript Records: Lisa Hardin 
Administrative Assistant: A. Tara Wehnes 


Department of Scientific and Socioeconomic 
Indexing: Norman Frankel (Director), George 
Kruto, Susan McClelland, Mary Kay Tinerella 


Please address correspondence concerning 
accepted or published communications to: AMA 
Specialty Journals, 535 N Dearborn St, Chicago, IL 
60610 


Monthly Circulation 
In Excess of 35 000 


The ARCHIVES OF SUR- 
GERY is a member of the 
consortium of AMA journals 
listed below. The Archives 
reaches more than 35000 
readers in 85 countries each 
month. The complete text of 
all AMA journals is available 
on the MEDIS database from 
Mead Data Central, Dayton, 
Ohio. 


JAMA Ameroat Medical Association 
AJDC diseases of Chitdren 
archives of 
Dermatology 
archives of 
General Psychiatry 
archives of 
Internal Medicine 
archives of 
Neurology 
archives of 


Ophthalmology 


archives of 
Otolaryngology—Head 

& Neck Surgery 

archives of 
Pathology 

& Laboratory Medicine 


archives of 


Surgery 





James S. Todd, MD, Acting Executive Vice- 
President 


Kenneth E. Monroe, Deputy Executive Vice- 
President 


Thomas F. Hannon, Senior Vice-President 


George D. Lundberg, MD, Vice-President, 


Scientific information 
John T. Baker, Vice-President, Publishing 


Norman D. Richey, Director, Publication Produc- 
tion and Printing Division 


Lee A. Parent, Director, Circulation-Fulfillment 
Division 

Dennis Joseph Dennehy, Director, Advertising Sales 
and Promotion Services Division 


Thomas J. Carroll, Director, 
Advertising Communication 


Department of 


Raymond Christian, Director, Advertising Serv- 
ices Department 


ADVERTISING OFFICES: Eastern: 600 Third Ave, 
Suite 3700, New York, NY 10016 (Manager: Robert 
C. Corcoran [212-867-6640]; Representative: 
Donald Biatherwick); Midwest/Farwest: 535 N 
Dearborn St, Chicago, IL 60610 (Manager: Thomas 
J. Carroll [312-280-7182]; Representatives: Jo- 
seph P. Gillis, Midwest; John P. Cahill, Farwest). 





More confidence in presumptive antibiotic 

therapy. Prescribing UNASYN presumptively is a step 

you can take with confidence. UNASYN covers gram- 
positives (even enterococci), preva- 


“J t’s still like walking the lent gram-negatives, and anaerobes: 
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99 infections. * 
a safety net. And UNASYN minimizes safety 
concerns with a reliable penicillin 
class profile.’ (However, UNASYN is contraindicated in 
penicillin-allergic patients. ) 
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infections* you face every day. 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions listed below 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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strains of Staphylococcus aureus, Escherichia coli,* Klebsiella spp * 
(including K. pneumoniae*). Proteus mirabilis.* Bacteroides fragilis.” 
Enterobacter spp. .* and Acinetobacter calcoaceticus * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K pneumoniae*). Bacteroides 
spp. (including 8. fragilis), and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli. * and Bacteroides spp * (including B fragilis") 
*Efficacy for this organism inthis organ system was studied in fewer than 10 
infections 
While UNASYN* (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN due toits ampicillin 
content. Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY. THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH AHISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 
General: A high percentage of patients with mononucleosis who receive 
ampicillin develop askin rash. Thus. ampicillin class antibiotics should not 
be administered to patients with mononucleosis. In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
ens should be kept in mind during therapy If superinfections occur 
Visually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion of 
ampicillin and sulbactam. Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases sub- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes is due to allopurinol or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurinol 
administered concurrently. UNASYN and aminoglycosides should not be 
reconstituted together due to the /n vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin. High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
pears of glucose in urine using Clinitest’”. Benedict's Solution or 
ehling’s Solution. It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix’’ or Testape ™) be 
used Following administration of ampicillinto pregnant women atransient 
decrease in plasma concentration of total conjugated estriol. es- 
triolgiucuropide. conjugated estrone. and estradiol has been noted This 
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effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potential 
regnancy 

Pregnancy Category B: Reproduction studies have been performed in mice 
rats. and rabbits at doses up to ten (10) times the human dose and nave 
revealed no evidence of impaired fertility or harm to the fetus due to 
UNASYN. There are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive ofhuman response, this drug should be used during pregnancy 
onlyif clearlyneeded. (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administration of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions. and duration of contractions How- 
ever itis notknown whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on thefetus. prolongs the 
duration of labor. or increases the likelihood that forceps delivery or other 
obstetrical intervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted in the milk: therefore, caution should be exercised when UNASYN 
ıs aoministered to a nursing woman 
Pediatric Use: The efficacy and satety of UNASYN have not been established 
in infants and.children under the age of 12 
ADVERSE REACTIONS 
UNASYN is generally well tolerated The following adverse reactions have 
been reported 
Local Adverse Reactions 

Pain at IM injection site— 16% 

Thrombopniebitis—3% 
Systemic Adverse Reactions 
The most frequently reported adverse reactions were diarrhea in 3% of the 
patients and rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1% of the patients were 
ne Nausea. vomiting. candidiasis. fatigue. malaise, headache chest 
pain. flatulence. abdominal distension. glossitis. urine retention, dysuria 
edema. facia! swelling. erythema. chills, tightness in throat. substernal 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported during clinical trials were 

Hepatic. Increased AST (SGOT). ALT (SGPT), alkaline phosphatase. and 

LDH 

Hematologic. Decreased hemoglobin. hematocrit. RBC. WBC. neu- 

trophils. lymphocytes. platelets and increased lymphocytes. mono- 

cytes. basophils. eosinophils. and platelets 

Blood Chemistry Decreased serum albumin and total proteins 

Renal. increased BUN and creatinine 

Urinalysis Presence of RBCs and hyaline casts in urine 
The following adverse reactions have been reported with ampicillin-class 
antibiotics and can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black “hairy tongue, enterocolitis 
and pseudomembranous colitis 
Hypersensitivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may de controlled with antihistamines and, if necessary. systemic cortico- 
steroids Whenever such reactions occur. the drug should be discontinued 
unless the opinion of the physician dictates otherwise Serious and occa- 
sional fatal hypersensitivity (anaphylactic) reactions can occur with a 
penicillin (see WARNINGS) 
Hematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
icillins All of these reactions are usually reversible on discontinuation of 
therapy and are believed to be hypersensitivity phenomena 
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Nothing comes closer to 100% activity 

against anaerobes in vitro. It’s a fact. Studies have 

proved no other antibiotic superior to UNASYN in overall 
antianaerobic activity.'“’ Not 
clindamycin. Not metronidazole. 


“I used to think only two Nothing, 


7 i r mm”? And that’s nothing to overlook— 
th ung san lifi e were cer tain given the importance of anaerobes in 
today’s mixed infections. 

Though clinical results may not 
always mirror those obtained in vitro, there’s a world of 
confidence in choosing UNASYN for presumptive therapy of 
the mixed infections* you see every day. 


1.5 or 3g q6h 
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(ampicillin sodium/sulbactam sodium) 
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"Due to susceptible strains of indicated organisms An antibiotic for every day 


Please see brief summary of prescribing information 
on adjacent page 
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While every precaution is taken to ensure accuracy, we cannot guarantee against the possibility of an occasional 
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INDICATIONS AND USAGE 

UNASYN is indicated for the treatment of infections due to susceptible 
strains of the designated microorganisms in the conditions listed below. 
Skin and Skin Structure Infections caused by beta-lactamase producing 
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change or omission in the preparation of this index. 





strains of Staphylococcus aureus. Escherichia coli,* Klebsiella spp * 
including K pneumoniae*). Proteus mirabilis,* Bacteroides fragilis.* 
nterobacter spp..* and Acinetobacter calccaceticus. * 
Intra-Abdominal Infections caused by beta-lactamase producing strains of 
Escherichia coli, Klebsiella spp. (including K pneumoniae*). Bacteroides 
spp. (including 8 fragilis), and Enterobacter spp * 
Gynecological Infections caused by beta-lactamase producing strains of 
Escherichia coli. * and Bacteroides spp * (including B. fragilis*) 
*Efficacy for this organism inthis organ system was studied in fewer than 10 
infections 
While UNASYN®* (ampicillin sodium/sulbactam sodium) is indicated only 
for the conditions listed above. infections caused by ampicillin-susceptible 
organisms are also amenable to treatment with UNASYN due to its ampicillin 
content Therefore. mixed infections caused by ampicillin-susceptible 
organisms and beta-lactamase producing organisms susceptible to 
UNASYN should not require the addition of another antibiotic 
CONTRAINDICATIONS 
The use of UNASYN is contraindicated in individuals with a history of 
hypersensitivity reactions to any of the penicillins 
WARNINGS 
SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (ANAPHYLAC- 
TIC) REACTIONS HAVE BEEN REPORTED IN PATIENTS ON PENICILLIN 
THERAPY THESE REACTIONS ARE MORE APT TO OCCUR IN INDIVIDUALS 
WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR HYPER- 
SENSITIVITY REACTIONS TO MULTIPLE ALLERGENS THERE HAVE BEEN 
INDIVIDUALS WITH A HISTORY OF PENICILLIN HYPERSENSITIVITY WHO 
HAVE EXPERIENCED SEVERE REACTIONS WHEN TREATED WITH CEPHA- 
LOSPORINS. BEFORE THERAPY WITH A PENICILLIN. CAREFUL INQUIRY 
SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REAC- 
TIONS TO PENICILLINS, CEPHALOSPORINS. AND OTHER ALLERGENS IF 
AN ALLERGIC REACTION OCCURS. UNASYN SHOULD BE DISCONTINUED 
AND THE APPROPRIATE THERAPY INSTITUTED 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMER- 
GENCY TREATMENT WITH EPINEPHRINE OXYGEN. INTRAVENOUS 
STEROIDS. AND AIRWAY MANAGEMENT. INCLUDING INTUBATION 
SHOULD ALSO BE ADMINISTERED AS INDICATED 
PRECAUTIONS 


General: A high percentage of patients with mononucleosis who receive 


ampicillin develop askin rash Thus ampicillin class antibiotics should not 
be administered to patients with mononucleosis In patients treated with 
UNASYN the possibility of superinfections with mycotic or bacterial patho- 
ens should be kept in mind during therapy If superinfections occur 
usually involving Pseudomonas or Candida). the drug should be discon- 
tinued and/or appropriate therapy instituted 
Drug Interactions: Probenecid decreases the renal tubular secretion ot 
ampicillin and sulbactam Concurrent use of probenecid with UNASYN may 
result in increased and prolonged blood levels of ampicillin and sulbactam 
The concurrent administration of allopurinol and ampicillin increases subd- 
stantially the incidence of rashes in patients receiving both drugs as 
compared to patients receiving ampicillin alone. Itis not known whether this 
potentiation of ampicillin rashes ıs due to allopurinol! or the hyperuricemia 
present in these patients. There are no data with UNASYN and allopurinol 
administered concurrently UNASYN and aminoglycosides should not be 
reconstituted together due to the in vitro inactivation of aminoglycosides by 
the ampicillin component of UNASYN 
Drug/Laboratory Test Interactions: Administration of UNASYN will result 
in high urine concentrations of ampicillin High urine concentrations of 
ampicillin may result in false positive reactions when testing for the 
prezonce of glucose in urine using Clinitest™. Benedict's Solution or 
ehlings Solution. It is recommended that glucose tests based on en- 
zymatic glucose oxidase reactions (such as Clinistix’” or Testape ~) be 
used Following administration of ampicillin to pregnant women. a transient 
decrease in plasma concentration of total conjugated estriol. es- 
triolglucuropide, Conjugated estrone. and estradiol has been noted This 


effect may also occur with UNASYN 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term stud- 
ies in animals have not been performed to evaluate carcinogenic or muta- 
enic potertial 
regnancy 
PregnancwLategory B: Reproduction studies nave been performed inmice 
rats. and rabbits at doses up to ten (10) times the human dose and have 
revealed na evidence of impaired fertility or harm to the fetus due to 
UNASYN here are. however. no adequate and well controlled studies in 
pregnant women Because animal reproduction studies are not always 
predictive ef human response. this drug should be used during pregnancy 
only it cleany needed (See—Drug/Laboratory Test Interactions ) 
Labor and Delivery: Studies in guinea pigs have shown that intravenous 
administrasion of ampicillin decreased the uterine tone, frequency of 
contractions. height of contractions, and duration of contractions How- 
ever. itis net known whether the use of UNASYN in humans during labor or 
delivery has immediate or delayed adverse effects on thetetus. prolongs the 
duration offabor. or increases the likelihood that forceps delivery or other 
obstetrical ntervention or resuscitation of the newborn will be necessary 
Nursing Mothers: Low concentrations of ampicillin and sulbactam are 
excreted inthe milk: therefore, caution should be exercised when UNASYN 
is administered to a nursing woman 
Pediatric Use: The efficacy and safety of UNASYN have not been established 
in infants amd children under the age of 12 
ADVERSE SEACTIONS 
UNASYN i generally well tolerated. The following adverse reactions nave 4 
been repored 
Local Adverse Reactions 
Pain at 1M injection site—16% 
Thrombaphiebitis—3°%o 
Systemic Adverse Reactions 
The most feequently reported adverse reactions were diarrhea in 3°o of the 
patients anil rash in less than 2% of the patients 
Additional systemic reactions reported in less than 1°% of the patients were 
naing: na- sea. vomiting. candidiasis. fatigue. malaise. headache chest 
pain. flatulence, abdominal distension. glossitis. urine retention. dysuria 
edema. facal swelling. erythema. chilis, tightness in throat. sudsterna! 
pain. epistaxis and mucosal bleeding 
Adverse Laboratory Changes 
Adverse laboratory changes without regard to drug relationship that were 
reported dering clinical trials were 
gi increased AST (SGOT). ALT (SGPT), alkaline phosphatase. and 
LDH 
Hematofegic Decreased hemoglobin. hematocrit RBC WBC. neu- 
trophils. lymphocytes. platelets and increased lymphocytes mono- 
cytes. bSophils. eosinophils. and platelets 
Blood Cr=mistry: Decreased serum albumin and total proteins 
Renal. irzreased BUN and creatinine 
Urinalyss: Presence of RBC s and hyaline casts in urine 
The followmg adverse reactions have been reported with ampicillin-class 
antibiotics nd can also occur with UNASYN 
Gastrointestinal: Gastritis. stomatitis. black “hairy tongue. enterocolitis 
and pseudcnembranous colitis 
Hypersensaivity Reactions: Urticaria. erythema multiforme. and an occa- 
sional case of exfoliative dermatitis have been reported. These reactions 
may be consrolied with antihistamines and. if necessary, systemic cortico- 
steroids Waenever such reactions occur. the drug should be discontinued 
unless the pinion of the physician dictates otherwise. Serious and occa- 
sional tata hypersensitivity (anaphylactic) reactions can occur with a 
panen (se WARNINGS). 
ematologic: In addition to the adverse laboratory changes listed above for 
UNASYN. agranulocytosis has been reported during therapy with pen- 
iciilins All of these reactions are usually reversible on discontinuation of 
therapy anc are believed to be hypersensitivity phenomena 
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Lower antibiotic costs without lowering 
your standards. UNASYN costs at least 40% less per 
day than clindamycin/gentamicin or cefoxitin.” Yet UNASYN 


is at least as effective in a variety 


“We need gold-standard o mixed iniections.**" 


And in some studies versus combi- 


res ults that don’t cost nation therapy, patients treated with 


a fortune.” 


A division of Pfizer Pharmaceuticals 
*Due to susceptible strains of indicated organisms 


Please see brief summary of prescribing information 
on adjacent page 
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UNASYN spent fewer days in 
the hospital.*'°”’ 
So, look to UNASYN for highly 


effective, highly affordable therapy in mixed infections* 
every day. 


1.5 or f M 


Unasyn 


(ampicillin sodium /sulbactam sodium) 





An antibiotic for every day 





WHAT'> THE COST uF NOT 
ORDERING KINETIC THERAPY? 


For the critically ill patient, immobility can mean Manual turning is difficult and not always 
atelectasis, pneumonia, deep-vein thromboses, effective. Complications can cause lengthened 
pulmonary emboli, or urinary calculi and UTIs. bed stays and excess costs. 














pared WA! 


Extra ventilator Extra ICU/ Extra Extra respiratory Extra IV 
support days. CCU days. nursing care. therapy, pulmonary antibiotics and/ 
function, ABG charges. or analgesia. 


Kinetic Therapy = Cost-Effectiveness. 


Gentle, side-to-side rotation of the BioDyne™ 2. Reduce ventilator support an average 
therapeutic bed helps provide continuous of over four days." l 
postural drainage of pulmonary, cardio- 3. Reduce incidence of infectious episodes 
vascular, and genitourinary systems. Studies by 50%." 
demonstrate Kinetic Therapy™ may help to: | BioDyne can reduce the complications of 
| immobility, shorten bed stays, and 

1. Reduce ICU length of stay an average lower your costs. For full information, call 

of three days." toll-free: 1-800-531-5346. 
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23 Gore-Tex® fabric 
cushions contour 
to the patient's body 
and continuously 
inflate and deflate to 
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Kinetic Therapy is a service 
mark of Kinetic Concepts Inc. 
for the continuous motion 
therapy derived from its oscil- 
lating support devices. 
BioDyne is a trademark of 
Kinetic Concepts Inc. for 

its oscillating low air loss 
support surface. 

Gore-Tex is a registered 
trademark of W.L. Gore & 


$ Built-in scales 
se weight without 
ying patient. 
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because immobility 
is a costly disease. 







AXID" 


nizatidine capsules 


Brief Summary. Consult the package literature for complete 
information. 
Indications and Usage: 1. Active duodenal ulcer—for up to eight weeks 
of treatment. Most patients heal within four weeks 

2. Maintenance therapy — for healed duodenal ulcer patients at a 
reduced dosage of 150 mg h.s. The consequences of therapy with Axid 
for longer than one year are not known 
Contraindication: Known hypersensitivity to the drug. Use with caution 
in patients with hypersensitivity to other Hy-receptor antagonists 
Precautions: General —1. Symptomatic response to nizatidine therapy 
does not preclude the presence of gastric malignancy 

2. Dosage should be reduced in patients with moderate to severe 
renal insufficiency 

3. In patients with normal renal function and uncomplicated hepatic 
dysfunction, the disposition of nizatidine is similar to that in normal 
subjects 

Laboratory Tests — False-positive tests for urobilinogen with 
Multistix® may occur during therapy 

Drug Interactions — No interactions have been observed with the- 
ophylline, chlordiazepoxide, lorazepam, lidocaine, phenytoin, or war- 
farin. Axid does not inhibit the cytochrome P-450 enzyme system; 
therefore, drug interactions mediated by inhibition of hepatic metabo- 
lism are not expected to occur. In patients given very high doses (3,900 
mg) of aspirin daily, increased serum salicylate levels were seen when 
nizatidine, 150 mg b.i.d., was administered concurrently 

Carcinogenesis, Mutagenesis, Impairment of Fertility — A two-year 
oral carcinogenicity study in rats with doses as high as 500 mg/kg/day 
(about 80 times the recommended daily therapeutic dose) showed no 
evidence of a carcinogenic effect. There was a dose-related increase in 
the density of enterochromaffin-like (ECL) cells in the gastric oxyntic 
mucosa. In a two-year study in mice, there was no evidence of a Car- 
cinogenic effect in male mice; although hyperplastic nodules of the liver 
were increased in the high-dose males as compared with placebo 
Female mice given the high dose of Axid (2,000 mg/kg/day, about 330 
times the human dose) showed marginally statistically significant 
increases in hepatic carcinoma and hepatic nodular hyperplasia with no 
numerical increase seen in any of the other dose groups. The rate of 
hepatic carcinoma in the high-dose animals was within the historical 
contro! limits seen for the strain of mice used. The female mice were 
given a dose larger than the maximum tolerated dose, as indicated by 
excessive (30%) weight decrement as compared with concurrent con- 
trols and evidence of mild liver injury (transaminase elevations). The 
occurrence of a marginal finding at high dose only in animals given an 
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Because safety 
cannot be taken for granted 
in H,-antagonist therapy 


nizatidine 








References 


Minimal potential for 
drug interactions 


Unlike cimetidine and ranitidine,’ Axid 
does not inhibit the cytochrome P-450 
metabolizing enzyme system.’ 


Swift and effective 
H,-antagonist therapy 


a Most patients experience 
pain relief with the first dose ° 


m Heals duodenal ulcer _ 
rapidly and effectively +> 


mw Dosage for adults with active 
duodenal ulcer is 300 mg once nightly 
(150 mg b.i.d. is also available) 


USP DI Update, September/October 1988, p 120 
Br J Clin Pharmacol 1985;20:710-713 
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Scand J Gastroenterol 1987:22(suppl 136):61-70 





mR GH = 


Am J Gastroenterol 1989;84:769-774 





carcinogenic effect in rats, male mice, and female mice (given up to 360 
mg/kg/day, about 60 times the human dose), and a negative muta- 
genicity battery are not considered evidence of a carcinogenic potential 
for Axid 

Axid was not mutagenic in a battery of tests performed to evaluate its 
potential genetic toxicity, including bacterial mutation tests 
unscheduled DNA synthesis, sister chromatid exchange, mouse lym- 
phoma assay, chromosome aberration tests, and a micronucleus test 

In a two-generation, perinatal and postnatal fertility study in rats 
doses of nizatidine up to 650 mg/kg/day produced no adverse effects on 
the reproductive performance of parental animals or their progeny 

Pregnancy — Teratogenic Effects — Pregnancy Category C — Oral 
reproduction studies in rats at doses up to 300 times the human dose 
and in Dutch Belted rabbits at doses up to 55 times the human dose 
revealed no evidence of impaired fertility or teratogenic effect; but, at a 
dose equivalent to 300 times the human dose, treated rabbits had abor- 
tions, decreased number of live fetuses, and depressed fetal weights. On 
intravenous administration to pregnant New Zealand White rabbits, 
nizatidine at 20 mg/kg produced cardiac enlargement, coarctation of 
the aortic arch, and cutaneous edema in one fetus and at 50 mg/kg it 
produced ventricular anomaly, distended abdomen, spina bifida, hydro- 
cephaly, and enlarged heart in one fetus. There are, however, no ade- 
quate and well-controlled studies in pregnant women. It is also not 
known whether nizatidine can cause fetal harm when administered to a 
pregnant woman or can affect reproduction capacity. Nizatidine should 
be used during pregnancy only if the potential benefit justifies the poten- 
tial risk to the fetus 

Nursing Mothers — Studies in lactating women have shown that 0.1% 
of an oral dose is secreted in human milk in proportion to plasma 
concentrations. Because of growth depression in pups reared by treated 
lactating rats, a decision should be made whether to discontinue nurs- 
ing or the drug, taking into account the importance of the drug to the 
mother 

Pediatric Use — Safety and effectiveness in children have not been 
established 

Use in Elderly Patients — Healing rates in elderly patients were similar 
to those in younger age groups as were the rates of adverse events and 
laboratory test abnormalities. Age alone may not be an important factor 
in the disposition of nizatidine. Elderly patients may have reduced renal 
function 
Adverse Reactions: Clinical trials of varying durations included almost 
5,000 patients. Among the more common adverse events in domestic 
placebo-controlled trials of over 1,900 nizatidine patients and over 1 300 
on placebo, sweating (1% vs 0.2%), urticaria (0.5% vs <0.01%), and 
somnolence (2.4% vs 1.3%) were Significantly more common with 
nizatidine. It was not possible to determine whether a variety of less 
common events were due to the drua 


Hepatic — Hepatocellular injury (elevated liver enzyme tests or 
alkaline phosphatase) possibly or probably related to nizatidine 
occurred in some patients. In some cases, there was marked elevation 
(>500 IU/L) in SGOT or SGPT and, in a single instance, SGPT was 

-2,000 IU/L. The incidence of elevated liver enzymes overall and eleva- 
tions of up to three times the upper limit of normal, however, did not 
significantly differ from that in placebo patients. All abnormalities were 
reversible after discontinuation of Axid 

Cardiovascular —\n clinical pharmacology studies, short episodes of 
asymptomatic ventricular tachycardia occurred in two individuals 
administered Axid and in three untreated subjects 

CNS —Rare cases of reversible mental confusion have been reported 

Endocrine — Clinical pharmacology studies and controlled clinical 
trials showed no evidence of antiandrogenic activity due to nizatidine 
Impotence and decreased libido were reported with equal frequency by 
patients on nizatidine and those on placebo. Gynecomastia has been 
reported rarely 

Hematologic — Fatal thrombocytopenia was reported in a patient 
treated with nizatidine and another Hy-receptor antagonist. This patient 
had previously experienced thrombocytopenia while taking other drugs 
Rare cases of thrombocytopenic purpura have been reported 

integumental — Sweating and urticaria were reported significantly 
more frequently in nizatidine- than in placebo-treated patients. Rash and 
exfoliative dermatitis were also reported 

Hypersensitivity — As with other Ho-receptor antagonists, rare cases 
of anaphylaxis following nizatidine administration have been reported 
Because cross-sensitivity among this class has been observed, Ho- 
receptor antagonists should not be administered to those with a history 
of hypersensitivity to these agents. Rare episodes of hypersensitivity 
reactions (eg, bronchospasm, laryngeal edema, rash, and eosinophilia) 
have been reported 

Other —Hyperuricemia unassociated with gout or nephrolithiasis was 
reported Eosinophilia, fever, and nausea related to nizatidine have been 
reported 
Overdosage: Overdoses of Axid have been reported rarely. If overdosage 
occurs, activated charcoal, emesis, or lavage should be considered 
along with clinical monitoring and supportive therapy. Renal dialysis for 
four to six hours increased plasma clearance by approximately 84% 
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The Next Generation of Surgical Residencies 


What Are the Challenges and the Opportunities? 


Robert W. Barnes, MD 


è | suggest restructuring general surgical residencies to facili- 
tate training of surgical specialists and subspecialists. Basic 
surgical education for 1 or 2 years should provide a foundation of 
fundamental cognitive, technical, and patient management skills 
useful for all surgery residents, regardless of discipline. Interme- 
diate surgical education for an additional 2 or 3 years should 
amplify cognitive, technical, and clinical skills and senior re- 
sponsibility in general surgery for individuals entering a general 
surgical subspecialty or for advanced general surgery training. 
Residents seeking a career in advanced general surgery would 
take 2 additional years of training in advanced surgery. Such 
individuals could pursue additional subspecialty training and 
research experience to qualify as academic surgical scientists. 
implementation of such innovations in general surgical educa- 
tion awaits the cooperative joint efforts of appropriate accredit- 
ing and certifying organizations, specialty societies, and surgi- 
cal program directors. 

(Arch Surg. 1990;125:433-436) 


T he internecine forces buffeting general surgery have sig- 
nificant implications for the future of the general surgery 
residency. Indeed, the evolution of surgical specialization,’ 
the specter of fragmentation,’ the concerns of competence vs 
expertise,’ and the erosion of traditional turf‘ have pro- 
gressed to the point that the very existence of general sur- 
gery in the future has been questioned.’ In the face of such 
turbulence, it is appropriate to reflect on the creative options 
available for the next generation of surgical residencies. In 
this essay I will state some assumptions, review some recog- 
nized challenges facing general surgery, discuss some oppor- 
tunities for minimizing or resolving the adverse consequences 
of these forces, and present a blueprint for restructuring our 
surgical residency system. I hope that these educational inno- 
vations will improve the preparation of surgical specialists 
and enhance the education and stature of the general surgeon. 
Few of the concepts and recommendations in this presenta- 
tion are original—I have drawn on the published and anecdot- 
al views of many thoughtful leaders in surgical education and 
administration. 
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THE ASSUMPTIONS 


The following discussion is based on certain assumptions. 
The first four assumptions constitute the substantive chal- 
lenges facing general surgery and the last three summarize 
the opportunities that can lead to constructive solutions of 
these problems: 

è Most surgical residents seek specialty or subspecialty 
training and certification (ie, differentiation). 

© General surgery increasingly is becoming a stepping 
stone to subspecialty training (rather than a career goal). 

@ Erosion of general surgical turf reflects in part the failure 
of broad-based competence in the face of focused expertise. 

è Equivalent operative experience for all general surgery 
residents contributes to case load dilution and resultant 
inexpertise. 

© General surgery education should provide flexible path- 
ways tailored to career goals and community needs. 

© General surgery should resume a specialty status equiv- 
alent to surgical specialties and subspecialties. 

© The education of the academic general surgeon should be 
redefined to cultivate academic surgical scientists. 


THE CHALLENGES 


The applicant pool for general surgery, as for medical 
school, is shrinking. The reasons are many, but, in part, fewer 
medical school graduates are willing to commit many years of 
training in a specialty that is threatened by encroachment 
from competing specialties, particularly in an era of a per- 
ceived glut of general surgeons. Wangensteen’ has aptly 
termed this marauding of general surgical turf “raiders of the 
lost art.” 

General surgical residents are seeking specialty training 
and certification in record numbers. The Longitudinal Study 
of Surgical Residents (1987-1988),’ undertaken by the Ameri- 
can College of Surgeons, represents the culmination of over 6 
years of effort in developing and maintaining the most com- 
plete and accurate database on the tracking of general sur- 
gery residents in the United States. This study reveals that of 
the cohort of 3082 first-year residents in general surgery in 
1982-1983, only 33.5% completed 5 years of training, and only 
22% remained in general surgery without further subspeciali- 
zation. Of the original cohort, 46% entered surgical specialty 
or subspecialty training, and 32% left surgical training. In 
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1983, approximately 34% of the 1010 examinees seeking certi- 
fication by the American Board of Surgery were taking addi- 
tional postgraduate training in subspecialty programs." By 
1985 this percentage had risen to 54%,’ and currently it is 
estimated that 60% to 75% of general surgery graduates seek 
further subspecialty training (W. O. Griffen, MD, oral com- 
munication, January 1989). These figures support the state- 
ment of a general surgery house officer”: “One cannot help but 
wonder whether the general surgery residency is destined to 
become only preliminary training.” 

There are many reasons for the growing quest for subspe- 
cialty training. Laudable goals include the desires of trainees 
to better cope with the information and technology explosion, 
to enhance their cognitive and technical expertise, and to 
pursue pathways of influential role models. On the other 
hand, many residents seek subspecialty training and certifi- 
cation to enhance their career opportunities by improved 
marketability and to better resist medicolegal pressures 
against wide variety-low volume practices. 

Graduates of general surgery training who enter private 
practice are feeling the pressures common to the generalists 
among their medical counterparts. Solo practitioners, except 
in selected underserved rural areas, face intense competition 
in building a practice. Multispecialty groups increasingly are 
becoming providers of tertiary care and are consequently 
seeking surgeons with subspecialty capability. This trend is 
further abetted by controls of managed health care programs. 
Finally, the ability of general surgeons to secure hospital 
privileges in some of the principal components of the special- 
ty, such as head and neck or vascular surgery, is being threat- 
ened by the number of certified surgical specialists and 
subspecialists. 

Academic general surgeons are facing challenges from the 
metamorphosis of teaching institutions. The economic surviv- 
al of most surgical departments depends heavily on income 
generated from clinical activity. As teaching hospitals in- 
creasingly compete with private institutions, the academic 
surgeon not only must devote more time to clinical practice 
but also must be equipped to provide subspecialty expertise. 
The prolonged training necessary to achieve such focused 
differentiation often is not accompanied by dedicated time in 
clinical or basic research. This, coupled with shrinking sup- 
port of surgical research, has led to an era of academic general 
surgeons ill equipped to pursue scholarly activity in the broad 
field of general surgery. As R. Buckminster Fuller” has 
stated, “Specialization precludes comprehensive thinking.” 
Davidson” phrased this another way: “But who is able to 
usefully interpret the benefits of his specialization if no gener- 
alists exists?” Davidson goes on to suggest that specialization 
may lead to extinction because of a loss of general 
adaptability. 

Increased specialization and threats of further fragmenta- 
tion of general surgery have led to efforts on the part of 
specialty societies and the accreditation and certifying orga- 
nizations to limit further erosion of general surgery. The 
Committee on Issues of the American Surgical Association 
issued this statement*: “Because general surgery is the basic 
surgical specialty and provides the valuable and unique impe- 
tus to practice, education and research, it must be maintained 
without further fragmentation.” The American Board of Sur- 
gery has cautiously participated in an arrangement to award 
Certificates of Special, or Added, Qualification in General 
Vascular Surgery, Surgical Critical Care, and Hand Surgery 
to recognize additional subspecialty training and experience 
by individuals certified in general surgery. Other subspecial- 
ty areas may request such recognition, such as transplanta- 
tion, surgical oncology, trauma, and head and neck surgery. 
To limit the adverse impact of such subspecialty training on 
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general surgery residents, the Residency Review Committee 
for Surgery will approve programs only if a sufficient opera- 
tive case load exists for both general surgery residents and 
special trainees. The Residency Review Committee and the 
American Board of Surgery expect general surgery residents 
to have adequate operative experience in all of the principal 
components of general surgery as well as exposure to the 
surgical specialty and subspecialty disciplines. Exposure to ` 
the surgical specialties is often cursory and is limited by the 
competition for operative cases by the specialist trainees. 


THE OPPORTUNITIES 


Despite the many challenges facing the general surgeon, 
opportunities abound for redefining the educational process 
and the role of the specialty. The general surgeon can re- 
emerge as a specialist competitive with other surgical special- 
ists and subspecialists. Additional training can be facilitated 
without lengthening the educational process. 

Future surgical training should provide flexible pathways 
to tailor educational opportunities toward career goals. Such 
goals should represent a healthy balance between the desires 
of the trainee and the manpower needs of the community or 
region. Every effort should be made to facilitate the acquisi- 
tion of cognitive and technical expertise without unduly pro- 
longing the period of training. 

General surgery should achieve a status equivalent to that 
of other surgical specialties and subspecialties. This implies 
that the intensity and period of training should be similar and 
that equivalent exposure and operative experience should not 
be the same for trainees seeking a career in general surgery 
and for those entering general surgical subspecialties. Only 
surgeons who desire and must provide broad surgical care, 
such as in a rural practice, need selective experience in the 
surgical specialties. Exposure to such disciplines as neurolog- 
ic or orthopedic surgery, otolaryngology, and urology need 
not be routinely demanded of general surgeons who desire an 
urban practice or entry into a surgical subspecialty. By en- 
hancing advanced postgraduate training in general surgery 
as a specialty, the tendency of surgical subspecialists to devel- 
op “exclusionary cartels” will be minimized. Thus, certifica- 
tion of general surgeons who possess advanced training in a 
specialty will imply expertise, not merely competence, which 
is now associated with the discipline.’ This certification should 
allow general surgeons to obtain hospital credentials. 

General surgery training programs should reassume a sub- 
stantive role in the preparation of individuals who choose a 
career in a surgical specialty (neurologic surgery, orthopedic 
surgery, otolaryngology, or urology). A basic period of train- 
ing for all surgeons, regardless of specialty, should include 
exposure to applied basic sciences fundamental to surgery, 
basic surgical skills, principles of surgical critical care, basic 
trauma, and emergency surgical care and should include ex- 
perience with preoperative and postoperative patient care 
and the development of organizational skills. 

Residents entering general surgical subspecialties (colon 
and rectal surgery, vascular surgery, surgical critical care, 
and other possible subspecialties) require additional general 
surgical training designed to further enhance their cognitive, 
judgmental, technical, and organizational skills. Experience 
as a senior resident is necessary to achieve maturity in clinical 
decision making and to cultivate leadership qualities. Pro- 
gressive exposure to more complicated operative procedures 
is desirable, although the concept of “equivalent” experience 
should be revised to “appropriate” experience in preparation 
for the chosen subspecialty. 

Finally, residents who desire an academic career in general 
surgery should attempt to pursue an educational sequence 
that assures broad clinical training, focused specialty experi- 
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ence when appropriate, sf adequate investment in clinical or 
basic research. Only by cultivating the broadly trained surgi- 
cal scientist with both clinical and creative expertise will 


academic productivity in general surgery be assured. 
THE FUTURE SURGICAL RESIDENCIES 


These challenges and opportunities suggest the following 
- restructuring of general surgery training. These innovations 
are destined to provide flexible education for three different 
groups of trainees: (1) the surgery resident acquiring basic 
skills prior to training in a surgical specialty, (2) the surgery 
resident entering a subspecialty of general surgery, and (8) 
the surgery resident seeking advanced training in the special- 
ty of general surgery. 


Basic Surgical Education 


enter a basic surgery residency 1 or 2 years in duration. The 
prerequisite will be graduation from an approved undergrad- 
uate medical education program. The residents will be ex- 
posed to the applied basic sciences fundamental to surgery, as 
formulated and taught by an interdisciplinary group of educa- 
tors. All residents would receive an introduction to basic 
surgical skills both in a laboratory setting and by graduated 
exposure to basic clinical rotations. This would expose the 
residents to principles and to basic experiences with trauma 
and emergency surgery and with surgical critical care. Expe- 
rience in basic operative surgery would include procedures 
involving the skin and soft tissues and the abdomen and 
procedures performed in the ambulatory setting. The resi- 
dents would develop skills in preoperative and postoperative 


All surgical residents, forse of eventual specialty, will 


surgical patient care and would improve their organizational 
abilities. The residents would be eligible to take the basic 
science examination at the conclusion of the basic surgery 
residency. 


Intermediate Surgical Education 


All residents except those choosing a surgical specialty 
would enter the intermediate surgical education pathway for 
a period of 2 to 3 years. The prerequisite for the intermediate 
surgical residency would be successful completion of the basic 
surgical education program. During the intermediate surgical 
training program the resident would be exposed to progres- 
sively more complex surgical skills, surgical critical care, and 
trauma and emergency surgery. Additional operative experi- 
ence would include procedures of moderate difficulty in the 
alimentary tract and breast; endocrine, vascular, pediatric, 
and plastic surgery; and conventional endoscopic procedures. 
During the final year of this program, to enhance clinical 
decision making and organizational and leadership skills, the 
resident would assume senior-level responsibility. At the 
conclusion of intermediate surgical training the resident 
would be eligible to take the qualifying examination adminis- 
tered by the American Board of Surgery. However, the 
certifying examination would require postgraduate education 
in general surgery or one of the subspecialties of general 
surgery. 

Surgical Subspecialty Education 


After intermediate surgical education, the resident could 
enter a subspecialty of general surgery for a period of training 
of 1 to 3 years depending on the discipline. The options would 


Proposed pathways of surgical education for the general surgeon, the surgical specialist or subspecialist, and the academic 
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include subspecialties for which separate boards of certifi- 
cates currently exist, including colon and rectal, plastic, tho- 
racic, pediatric, vascular, and critical care surgery. This path- 
way would allow for the development of subspecialties such as 
surgical oncology, transplantation, trauma surgery, head and 
neck surgery, hand surgery, etc. Such subspecialty training 
would imply expertise in the chosen discipline. Certification 
would be granted for the subspecialty in question but not for 
general surgery as a whole. 


Advanced General Surgical Education 


After prerequisite intermediate surgical training, the resi- 
dent could choose to enter a period of advanced training in 
general surgery 2 years in duration. The trainee would as- 
sume a position at the postgraduate level and would be ex- 
posed to an advanced level of surgical skills, surgical critical 
care, trauma, emergency surgery, and complex endoscopic 
procedures involving gastrointestinal, vascular, and thoracic 
surgery and surgical oncology. The trainee would be expected 
to achieve expertise in these areas and would be eligible for 
certification in the specialty of advanced general surgery. 


Academic Surgical Education 


Residents who aspire to enter an academic career of gener- 
al surgery should pursue a defined training program to assure 
broad experience, clinical expertise in a focused discipline if 
desired, and a commitment to clinical or basic research. The 
trainees should complete the advanced general surgical edu- 
cation pathway and, if desired, take additional training in a 
surgical subspecialty. To develop the skills of a creative surgi- 
cal scientist, the academic surgeon should be committed to a 


minimum of 1 and preferably 2 or more years of research. The 
timing of such research experience may vary, but ideally it 
should include a year between the intermediate and advanced 
general surgical residency periods. To facilitate the surgical 
investigator’s chances for successful competition for extra- 
mural funding, additional research training should accompa- 
ny or follow the postgraduate education in advanced general 
surgery and/or the surgical subspecialty training. The inte- - 
gration of these various pathways in surgical education is 
illustrated in the Figure. 


IMPLEMENTATION 


Successful implementation of the aforementioned innova- 
tion will require collaborative and cooperative efforts of sev- 
eral groups, including the American Board of Surgery, the 
Residency Review Committee for Surgery, and the appropri- 
ate certifying and accrediting organizations of the various 
surgical specialties and subspecialties. In addition, instruc- 
tive input must be solicited from the various surgical specialty 
societies and the program directors of general surgery and 
the surgical specialties and subspecialties. Respect for the 
integrity of existing disciplines must be balanced by a commit- 
ment to sustain and improve the role of general surgery in 
patient care and research and to provide a wellspring of 
education for future surgeons, regardless of specialty. I sug- 
gest that now is the time to initiate these blueprints for 
constructive progress in surgical education. 


I thank J. Bradley Aust, MD, for information in a committee report of the 
American Board of Surgery in 1985 that addressed issues contributing to 
fragmentation within general surgery. 
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Enterococcal Sepsis and Lung Microvascular 


Injury in Sheep 


Roderick A. Barke, MD; David L. Dunn, MD, PhD; Agustin Dalmasso, MD; Melody O’Connor Allen, MD; Edward W. Humphrey, MD, PhD 


è in a common bile duct contamination model, we studied the 
effect of Streptococcus faecalis compared with Escherichia coli 
in sheep with chronic lymph fistulas to investigate the role of 
enterococcus in acute lung injury and acute sepsis. Early pulmo- 
nary hypertension in the E coli group was not expressed in the S 
faecalis group, probably due to a failure of S faecalis to illicit a 
thromboxane A, response. In the late period, E coli was associ- 
ated with significantly greater lung microvascular damage com- 
pared with S faecalis. The lack of difference between groups with 
respect to complement activation suggests the action of chemo- 
tactic factors, in addition to complement, mediating granulocyte 
aggregation, and neutropenia. In this model, S faecalis demon- 
strated limited pathogenicity as expressed in lung microvascular 
injury compared with E coli. 

(Arch Surg. 1990;125:437-440) 


E nterococcus is the most common gram-positive coccus 
identified as part of the normal flora of the gastrointesti- 
nal tract and is the most frequent isolate in clinical infections 
of the Lancefield group D streptococcus. *” The pathogenicity 
of the enterococcus remains controversial. While some inves- 
tigators have claimed that the pathogenicity of the enterococ- 
cus in intra-abdominal infections is questionable, other inves- 
tigators have concluded that its pathogenicity has been 
underestimated. The pathogenicity of the enterococcus has 
been well demonstrated in endocarditis and urinary tract 
infections, and enterococcus is being isolated with increasing 
frequency in critically ill patients.” When isolated from blood 
cultures, enterococcus is associated with high mortalities.‘ 
However, previous experimental investigations demon- 
strated limited pathogenicity in various animal models.** To 
investigate further the pathogenicity of enterococcus, we 
studied the effect of Streptococcus faecalis or Escherichia 
coli in a sheep biliary contamination model with respect to (1) 
damage to the pulmonary microvasculature, (2) thromboxane 
and prostacyclin synthesis, (8) hemodynamic failure, (4) neu- 
tropenia, and (5) classic and alternative pathway complement 
consumption. | 


MATERIALS AND METHODS 


We prepared 16 yearling sheep weighing 35 to 55 kg with chronic 
pulmonary lymph fistulas, as described by Staub et al,’ with the use of 
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thiopental sodium induction and methoxyflurane anesthesia. The 
experimental animals were allowed to recover from the operative 
procedures for at least 2 days. On the experimental day, each sheep 
was obtunded with thiopental and placed on a volume-cycled ventila- 
tor with oxygen supplementation and methoxyflurane anesthesia. A 
Swan-Ganz catheter was passed into the pulmonary circulation and a 
polyethylene catheter into the central aortic circulation. A central 
venous catheter was placed for intravenous fluid administration. 
Arterial blood gases and pH were determined, and the ventilator and 
oxygen supplementation were adjusted to obtain a baseline pH of 7.35 
to 7.45, Pao, of 90 to 150 mm Hg, and a Paco, of 35 to 45 mm Hg. 
Through a right upper-quadrant incision, the cystic duct was ligated 
and the common bile duct was isolated. A 10-F pediatric feeding tube 
was passed into the common duct to a position 1 cm proximal to the 
bifurcation of the duct, and the common duct was ligated distal to the 
feeding tube. The common duct catheter was brought out through the 
abdominal wall, and the abdomen was closed. The common duct 
catheter was left open for bile drainage. After the surgical proce- 
dures, the methoxyflurane anesthesia was discontinued and the ex- 
perimental animal was maintained in a paralyzed, obtunded state 
during the experimental period by means of pancuronium hydrochlo- 
ride (0.1 mg/kg, every 3 hours), pentobarbital (15 mg/kg every 3 
hours), and morphine sulfate (0.1 mg/kg, every 3 hours). 

Throughout every experiment, data were recorded with the sheep 
in the right lateral decubitus position. Pulmonary lymph volume was 
measured by accumulating lymph in heparinized tared plastic vials 
during 5- to 10-minute periods. The experimental groups were divid- 
ed into the E coli group (eight sheep) and the S faecalis group (eight 
sheep). The time during which data were collected was divided into a 
baseline period and an experimental period. The baseline period 
began after the experimental animal entered a steady state as deter- 
mined by constant pulmonary lymph flow and constant hemodynamic 
measures. During this period the following data were recorded: mean 
pulmonary artery pressure, mean pulmonary wedge pressure, mean 
aortic blood pressure, cardiac output, arterial blood gases and pH, 
white blood cell count with differential count, classic (CH,,) and 
alternative pathway (AH,,) hemolytic complement, lung lymph flow, 
and lung lymph and plasma for albumin concentration. These data 
were sampled at least four times during the 1- to 2-hour baseline 
interval. Biliary secretory pressure measured from the animal's hori- 
zontal midline was 12 +2 cm H,O during the baseline period. 

After the baseline period, the experimental period was initiated by 
the infusion of approximately 3 x 10° Æ coli per kilogram or 3 x 10° S 
faecalis per kilogram of body weight in 60 mL of 0.9% normal saline 
into the common bile duct catheter at 20 cm H,O above biliary 
secretory pressure. In addition to the continuous hemodynamic mea- 
surements, the data collected during the experimental period were as 
follows: cardiac output every 60 minutes; arterial blood gases and pH 
every 30 minutes; pulmonary lymph flow every 30 minutes for 2 
hours, then every hour; and white blood cell count with differential 
count, CH, and AH, blood samples 1, 3, 5, and 6 hours after 
peritoneal contamination. The duration of the experimental period 
was 6 hours. Each animal in both groups was given 1 L of 0.9% normal 
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Fig 1.—The effect of Escherichia coli (closed circles) or Streptococ- 
cus faecalis (open circles) biliary contamination on pulmonary artery 
pressure, pulmonary lymph pressure, lung lymph flow, and albumin 
lymph/plasma ratio. Values are shown with 1 SE indicated. Asterisk 
indicates P<.005; dagger, P<.05. 


saline during the experimental period. Four sheep were prepared as 
described above with baseline measurements conducted in an identi- 
cal fashion to the experimental groups as a sham control group. At the 
end of the baseline period, the experimental period was initiated by 
infusing 60 mL of 0.9% normal saline into the common bile duct at 20 
em H,0 above biliary secretory pressure. Experimental period data 
were collected in a manner identical to that for the other experimental 
groups. 

Albumin concentrations were determined by means of the bromo- 
cresol green dye binding method of Doumas and Biggs.” The arterial 
pH, Pao., and Paco, were measured with an arterial blood gas 
analyzer. The white blood cell count was performed with a Neubauer 
hemacytometer. The blood cell differential count was performed on a 
blood smear with the use of Wright’s stain. The CH,, pathway was 
measured by the method of Barta et al,” and the AH, pathway was 
measured according to the method of Platt-Mills and Ishizaka. 

Blood samples for thromboxane B, (TXB,) and 6-keto-prostaglan- 
din F,,, (6-keto-PGF,,.) were collected in polypropylene tubes coated 
with a solution of 4.5-mmol/L edetic acid. In addition, each tube 
contained a quantity of indomethacin such that the final indomethacin 
concentration in the plasma would result in a 10-ug/mL concentra- 
tion. The plasma fraction was then isolated and stored at — 70°C. The 
TXB, and 6-keto-PGF,, were then assayed by means of a tritiated 
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Fig 2.—The effect of Escherichia coli (closed circles) or Streptococ- 
cus faecalis (open circles) biliary contamination on plasma thrombox- 
ane A, and prostacyclin levels as determined by their stable metabo- 
lites thromboxane B, (TXB,) and 6-keto-prostaglandin F,, (6-keto- 
PGF,.). Values are shown with 1 SE indicated. Asterisk indicates 
P<.005; dagger, P<.05. 


radioimmunoassay (New England Nuclear, Boston, Mass). Samples 
for prostaglandin analysis were collected during the baseline period 
and 1, 2, 4, and 6 hours after biliary contamination. 

A clinical isolate of E coli obtained initially from a human peritoneal 
infection at the University of Minnesota Hospitals, Minneapolis, was 
used for the E coli group. The serotype of the E coli strain was 
{018ab;K56/k7;-}. A clinical isolate of S faecalis obtained initially 
from a blood culture in a patient with S faecalis septicemia was used in 
the S faecalis group. For each experimental animal, a loop sample 
from a stock plate culture for the appropriate experimental group was 
inoculated into brain-heart infusion broth and incubated in a shaker 
bath for 18 hours at 37°C. The broth was then subjected to three 
cycles of centrifugation (1600g for 10 minutes); each cycle was fol- 
lowed by resuspension in 0.9% normal saline. Initial approximation of 
bacterial numbers on the day of experimentation was made by means 
of a Klett-Summerson densitometer. Serial dilutions were then per- 
formed, agar pour plates were made, and exact enumeration was 
established by viable colony counting. 

The initial number of E coli and S faecalis used in each experimen- 
tal group was 3.2+0.3 x 10° and 3.7+0.4 x 10° per kilogram, respec- 
tively. No significant difference in the initial number of bacteria 
between the E coli group and the S faecalis group was observed. 

The mean and SE of the mean pulmonary artery pressure, mean 
pulmonary capillary wedge pressure, albumin lymph/plasma ratio, 
hematocrit, lung lymph flow, plasma TXB, concentration, and plasma 
6-keto-PGF,,, concentration were calculated as a function of time for 
each experimental group. The cardiac output, absolute lymphocyte 
count, absolute neutrophil count, CH,,, and AH,, were normalized to 
average baseline values in each experiment, and the mean and SE 
were calculated as a function of time for each experimental group. 
The E coli group was then tested as a function of time against the S 
faecalis group by means of a t statistic for two means, with signifi- 
cance accepted at the P<.05 level. 
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Fig 3.—The effect of Escherichia coli (closed circles) or Streptococ- 
cus faecalis (open circles) biliary contamination on cardiac output. 
Values are shown with 1 SE indicated. Asterisk indicates P<.005; 
dagger, P<.05. 





RESULTS 


In the early period (0 to 2 hours) after biliary contamination 
(Fig 1), the decrease in albumin lymph-plasma ratio and the 
increase in mean pulmonary artery pressure, pulmonary cap- 
illary wedge pressure, and lung lymph flow in the E coli group 
was significantly different from that observed in the S faeca- 
lis group. During the same period, thromboxane A, and pros- 
tacyclin were measured by their stable metabolites TXB, and 
6-keto-PGF „ respectively. In the E coli group during the 
early period (Fig 2), a significantly greater increase in TXB, 
and 6-keto-PGF,, was observed in the E coli group than in the 
S faecalis group. During the late period (2 to 6 hours), the 
pulmonary artery pressure, lung lymph flow, and albumin 
lymph-plasma ratio in the E coli group were significantly 
greater than those observed in the S faecalis group. During 
the same period, TXB, in the E coli group was significantly 
greater than that observed in the S faecalis group. 

In the E coli group during the early and late periods (Fig 3), 
the mean arterial blood pressure was significantly lower in 
the E coli group than in the S faecalis group, which demon- 
strated no significant difference from baseline measure- 
ments. During the late period, the cardiac output in the S 
faecalis group was significantly greater than that observed in 
the E coli group 6 hours after biliary contamination. 

No significant difference was observed between groups 
(Fig 4) with respect to either hematocrit or absolute lympho- 
cyte count; however, the normalized absolute neutrophil 
count in the E coli group was significantly less than that 
observed in the S faecalis group. No significant difference 
was noted between groups (Fig 5) with respect to the 35% 
decrease in CH,, and the 33% decrease in AH,,, although the 
decrease in CH,, and AH, in either the EF coli group or the S 
faecalis group was significantly less (P<.05) than that in 
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Fig 4.—The effect of Escherichia coli (closed circles) or Streptococ- 
cus faecalis (open circles) biliary contamination on hematocrit, abso- 
lute lymphocyte count, and absolute neutrophil count. Values are 
shown with 1 SE indicated. Asterisk indicates P<.005; dagger, P<.05. 


sham saline biliary contamination control experiments at 5 
and 6 hours. 

In the sham saline control group during the experimental 
period, pulmonary artery pressure, pulmonary wedge pres- 
sure, lung lymph flow, albumin lymph-plasma ratio, mean 
arterial blood pressure, cardiac output, and hematocrit re- 
mained within 15% of baseline values. The cardiac output in 
the sham saline group was significantly less (P<.05) than that 
observed in the S faecalis group 5 and 6 hours after biliary 
contamination. The levels of TXB, and 6-keto-PGF,, during 
the experimental period increased to an average concentra- 
tion of 550 pg/mL and 680 pg/mL, respectively, and were not 
statistically significantly different from those in the S faecalis 
group. The absolute lymphocyte count decreased 31% and the 
absolute neutrophil count increased to 148% of baseline val- 
ues and were significantly greater (P<.05) than those of 
either the E coli group or the S faecalis group. 


COMMENT 


We demonstrated that the early pulmonary hypertension 
in the E coli group is not expressed in the S faecalis group. It 
was established previously” that the endoperoxides (prosta- 
glandin G,) and thromboxane A, mediate early-period pulmo- 
nary hypertension in the sheep model. The data suggest that 
the failure of S faecalis to elicit early-period pulmonary hy- 
pertension is secondary to a minimal thromboxane A, re- 
sponse after biliary contamination. 

The increase in late-period pulmonary artery pressure, 
lung lymph flow, and albumin lymph-plasma ratio in the Æ coli 
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Fig 5.— The effect of sham saline biliary contamination (closed trian- 
gles), Escherichia coli (closed circles), or Streptococcus faecalis 
(open circles) biliary contamination on total hemolytic complement 
and alternative pathway hemolytic complement. The total hemolytic 
complement and alternative pathway hemolytic complement levels at 
5 and 6 hours were significantly less (P<.05) than those of the sham 
saline control in both the E coli group and the S faecalis group. Values 
are shown with 1 SE indicated. 


group is consistent with an increase in pulmonary microvas- 
cular permeability as a result of E coli-mediated injury. In 
the S faecalis group, the twofold increase in lung lymph flow 
in the presence of no significant increase in pulmonary artery 
pressure or albumin lymph-plasma ratio during the majority 
of the late period is consistent with pulmonary capillary re- 
cruitment secondary to an increase in cardiac output associ- 
ated with S faecalis biliary contamination. 

Increased complement consumption in both the E coli 
group and the S faecalis group was observed, with no differ- 
ence between groups noted. However, the increased granulo- 
eytopenia in the E coli group compared with the S faecalis 
group suggests the action of chemotactic factors, in addition 
to complement, mediating granulocyte aggregation and neu- 
tropenia. Bacterial products, such as N-formyl-methiony] 
peptides,” platelet activating factor,” and lipoxygenase path- 
way products, particularly leukotriene B, and 5(S)-hydrox- 
yeicosatetraenoic acid, stimulate neutrophil migration, ag- 
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gregation, and, to a variable degree, lysosomal enzyme 
release.” 

Experimental models of enterococcal infection have yielded 
conflicting results with respect to pathogenicity. It is difficult 
to produce experimental soft-tissue infections with entero- 
cocci alone.*”’ Studies of experimental peritonitis/abscess in 
the rat model indicate that fecal inoculation of the rat perito- 
neal cavity leads to early peritonitis or delayed abscess forma- - 
tion.” Further investigation with this model demonstrated 
that enterococcus alone was benign and that no abscesses 
form from inoculation of E coli, S faecalis, or the combination 
of the two.”” While the majority of investigations suggest the 
limited pathogenicity of enterococcus, Bohnen et al’ studied 
the addition of S faecalis to an inoculum of 10% barium 
sulfate, Bacteroides fragilis, E coli, and Clostridium perfrin- 
gens and demonstrated a higher mortality and/or large ab- 
scess formation than with inoculation without S faecalis.’ 


CONCLUSION 


The present study suggests that S faecalis results in mini- 
mal lung microvascular injury in comparison with E coli when 
used alone in a model of biliary contamination in sheep. The 
limited pathogenicity of S faecalis observed in this experi- 
mental study is consistent with the majority of experimental 
animal studies of enterococcus in the literature. 


This study was supported by National Institutes of Health (Bethesda, Md) 
postdoctoral fellowship grant 5f82HL06278-02 and by Veterans Administra- 
tion Medical Research Funds. 
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Hepatic Parenchymal Oxygen Tension 


Following Injury and Sepsis 


Michael S. Dahn, MD; Robert F. Wilson, MD; M. Patricia Lange, MSN; Aaron Stone, MD; Lloyd A. Jacobs, MD 


è Hepatic blood flow and splanchnic oxygen consumption 
were measured in 16 injured (n = 6) or septic (n = 10) patients and 
compared with values in 16 normal volunteers. Sepsis and injury 
appeared to stimulate an increase in blood flow and oxygen 
utilization, with the highest levels observed in the septic group. 
Patients with sepsis exhibited a 72% and 60% increase in hepatic 
blood flow and splanchnic oxygen consumption, respectively, 
compared with normal volunteers. Application of these data to 
the Krogh-Erlang tissue model indicates that despite an increase 
in oxygen delivery to the splanchnic bed during sepsis, it be- 
comes more sensitive to hypoxic/ischemic events compared 
with other patient groups. This is indicated by a reduced centrilo- 
bular and increased critical oxygen tension. The major factor 
responsible for this is the regional hypermetabolism present in 
sepsis. This analysis emphasizes the critical importance of main- 
taining oxygen transport in critically ill patients with sepsis. 

(Arch Surg. 1990;125:441-443) 


schemic injury is thought to account for at least part of the 

hepatic dysfunction occurring following injury and during 
sepsis. Inadequate oxygen supply to maintain aerobic metab- 
olism is usually implicit in this view. Some of the factors that 
may reduce hepatic oxygen availability include reduced he- 
moglobin or 2,3-diphosphoglycerate levels, low oxygen satu- 
ration, and an altered microcirculation. However, most of the 
recent attention has been directed toward the determination 
of total hepatic blood flow. Clinical’ and experimental” re- 
ports have suggested that blood flow reductions following 
hemorrhage and sepsis can adequately account for the ische- 
mic/hypoxic damage to hepatocellular elements, eventually 
causing hyperbilirubinemia and, in some instances, liver fail- 
ure. However, we have previously noted that hepatic blood 
flow and splanchnic oxygen consumption may be normal or 
increased in human sepsis.‘ This finding is difficult to rational- 
ize with the concept of tissue hypoxia induced by limited 
oxygen supply. Since the metabolic rate may influence tissue 
oxygen supply-demand relationships, we have applied mea- 
sured hepatic blood flow and splanchnic oxygen consumption 
values to the Krogh-Erlang” tissue model to evaluate whether 
directional changes in these variables provide insight for the 
general problem of hepatic tissue oxygenation. 


SUBJECTS AND METHODS 


Splanchnic blood flow and oxygen consumption were studied in 
16 normal volunteers (controls) and 16 injured patients or patients 
with sepsis. This included 6 (injured) patients who had elective 
surgery and required assisted mechanical ventilation for nonseptic 
respiratory insufficiency. The other 10 patients exhibited a septic 
course, as defined by systemic changes associated with infection 
diagnosed at surgery or autopsy with positive cultures of blood or 
other infected material. Hepatic blood flow was measured by indo- 
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cyanine dye clearance with bedside hepatic venous catheterization,’ 
and splanchnic oxygen consumption was derived from blood flow and 
arteriovenous oxygen content differences.‘ 

Mean blood and tissue oxygen tensions were determined from the 
Krogh-Erlang analysis as modified by Tenney." This analysis consid- 
ers each hepatic sinusoid to be a tissue cylinder, with the blood 
capillary at its center. The oxygen tension at any point in the cylinder 
is determined by the passive radial diffusion characteristics of oxygen 
in this tissue and the local rate of oxygen utilization. Additionally, if 
venous oxygen tension represents the lowest oxygen tension along 
the length of a capillary bed, it may be used to estimate the lowest 
oxygen tension at which aerobic metabolism would be possible (criti- 
cal oxygen tension) in this tissue cylinder. Ketty” and Tenney” both 
used equation 1 to predict mean tissue oxygen tension (P TO,): 


q0; O ei RK gk 
2Do, 8 2R-?r) r 


where Pco, indicates the capillary oxygen tension (mm Hg); 
qo,, the metabolic rate of tissue (mL-mL ‘:s °); Do, Krogh’s 
tissue diffusion coefficient for 0,(3.5x 10 “em*-s ‘-atm ’); 
R, radius of diffusion cylinder; and r, radius of capillary (set 
at 0.0005 em throughout this analysis). 

Hepatic volume was estimated from sonographic studies in 
human subjects.” An estimate of oxygen tension at the ex- 
treme periphery of the Krogh cylinder may be obtained from 
the differentiated form of equation 1. The mean capillary 
oxygen tension (Pco,) depends on the oxygen content at the 
ends of the Krogh cylinder (equation 2). 


(1) PTo, = Pco, + 





CAQ, 


p F(Co,) d Co, 
CAo, —-CVo, 


CVO 


where CAo,—CVo, indicates the calculated arteriovenous 
oxygen difference; F(Co,), oxygen tension as a function of the 
oxygen hemoglobin dissociation curve”; and Co,, oxygen con- 
tent. Integrations of equation 2 were performed by reducing 
the oxygen hemoglobin dissociation curve into a series of 
trapezoids and performing summations of these simple geo- 
metric figures. Although the model was originally developed 
for skeletal muscle,” it has been applied to a variety of tissue 
beds, including the liver.” In this report, additional assump- 
tions were applied to this model. Since we have no way of 
separating the component of oxygen consumption arising 
from the liver vs the gut, we assumed that the entire metabol- 
ic activity arose from the liver. This biased the results toward 
steeper capillary tissue oxygen gradients.” Additionally, we 
assumed that the oxygen content of the portal inflow could be 
represented by the arterial oxygen content, since we had no 
knowledge of the relative contribution of hepatic and portal 
inflows to the liver under pathologic conditions. This biased 
the results in the opposite direction (toward higher tissue 
oxygen tension) and provided a more conservative estimate of 
mean sinusoidal and tissue oxygenation. ” 

Although this is primarily a descriptive theoretical analy- 


(2) Pco, = 
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Group Subjects 
Normal subjects 16 
Injured patients 6 
Patients with sepsis 













*Values are mean + SD. 
tP<.05 compared with normal subjects. 
$P<.05 compared with injured patients. 


Sinusoidal 
Oxygen Tension, 
mm Hg 


49.4+3.7 
47.1+7.0 
42.8+4.6t 
*Values are mean + SD. R indicates Krogh cylinder radius. 


+P<.05 compared with normal subjects. 
+P<.05 compared with injured patients. 


Normal subjects 
Injured patients 


Patients with sepsis 


sis, tissue oxygen tensions were calculated for each patient, 
and results are expressed as mean+SD population values. 
Comparisons are made using one-way analysis of variance, 
and differences were tested using the method of least signifi- 
cant difference. 


RESULTS 


Hepatic blood flow in patients with sepsis was significantly 
higher than in injured patients, and, in turn, the value for 
injured patients was significantly higher than in controls 
(Table 1). Splanchnic oxygen consumption was also signifi- 
cantly higher in the patients with sepsis. Hepatic venous 
oxygen tension declines at the high splanchnic oxygen con- 
sumption noted in patients with sepsis. Oxygenation vari- 
ables derived from the Krogh analysis are indicated on Table 
2. The mean sinusoidal oxygen tension calculated from the 
Krogh analysis is lowest in the septic group. Since the centri- 
lobular region of the liver is the most sensitive to nutrient 
deprivation,” oxygen tension calculations were performed for 
this region. Using either a Krogh cylinder radius of 0.002 cm, 
which would be reasonable for the normal liver acinus, or 
0.003 em, which may result from increased cellular size due to 
swelling, estimated centrilobular oxygen tension is signifi- 
cantly lower in patients with sepsis (Table 2). Additionally, 
this oxygen tension decline in the septic group is magnified if 
cellular size increases. These findings occurred in spite of the 
increase in blood flow in the septic group, which would nor- 
mally be expected to counter such an effect. Therefore, meta- 
bolic rate and cellular size are predicted to be the strongest 
determinants of tissue oxygen tension using this analysis. 

The critical oxygen tension is similar for normal subjects 
and injured patients, whereas patients with sepsis exhibit 
significantly higher values (Table 2). Furthermore, the criti- 
cal oxygen tension is much lower than the hepatic venous 
oxygen tension except in patients with sepsis. This model 
therefore predicts that marginally oxygenated regions of the 
liver will occur at higher hepatic venous oxygen tension val- 
ues in patients with sepsis than in either of the other groups. 
This also implies that under septic conditions the liver is much 
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Table 1.—Splanchnic Hemodynamic and Oxygen Consumption Variables Determined 
in Normal Subjects, Injured Patients, and Patients With Sepsis* 


Hepatic Blood 
No. of Flow, 
L- min-'- m-? 


0.72 +0.21 
1.05 +0.29ł 
1.24 +0.32tł 





Oxygen Tension, mm Hg 


R=0.002 cm 
33.5+3.5 
31.8+8.5 
25.8+5.5Tt 














Splanchnic Oxygen Hepatic Venous 
Consumption, Oxygen 













mL: min- m-2 Tension, mm Hg 
41.4+14.7 35.0+3.6 
46.5+9.3 33.7+8.3 





69.6 + 15.3t+ 28.8+5.2T 





Critical 
Oxygen Tension, mm Hg 


Centrilobular Tissue 


R=0.003 cm 
30.0+4.9 
27.7+9.2 
16.2+6.5Tt 


R=0.002 cm R=0.003 cm 


16.5+6.3 


10.0+2.7tt 29.9+7.1tt 


more sensitive to the blood flow limitations of oxygen con- 
sumption than under nonseptic conditions. 

The Figure shows a series of mean tissue oxygen tension 
isopaths plotted against hepatic blood flow and calculated at 
different Krogh radii for all three patient groups. These plots 
illustrate the effect of hepatic acinar size and, indirectly, 
metabolic rate on hepatic parenchymal oxygen tension. Nota- 
bly, the predicted critical oxygen tension (arrows) changes 
isobars by moving to a smaller Krogh radius under the septic 
condition. This indicates that the critical oxygen tension dur- 
ing sepsis moves toward a range that could be realized under 
clinical conditions. Therefore, a Krogh radius of 0.004 em is 
unrealistically large for the actual hepatic acinar size; a value 
between 0.002 and 0.003 cm is a reasonable estimate. There- 
fore, the critical oxygen tension is unlikely to be attained at 
hepatic blood flow rates found in normal and injured patients, 
since the metabolic rates are not stepped up. However, pa- 
tients with sepsis would be much more susceptible to the 
development of hepatic hypoxia. 


COMMENT 


The role of hepatic blood flow in the development of hepatic 
failure in sepsis remains a controversial issue. A number of 
experimental studies have indicated that hepatic blood flow 
declines in sepsis,” resulting in the conclusion that hepatic 
dysfunction arises from parenchymal ischemia. However, 
some clinical reports have indicated that hepatic blood flow 
rises in sepsis,*’ suggesting that a more complex mechanism 
may be responsible for the hepatic dysfunction. In our opin- 
ion, these differences probably reflect observations made at 
different stages in the septic process. Thus, although reduced 
blood flow may occur early in sepsis, it may eventually rise if 
the host survives long enough to enter a chronic septic phase. 

To determine if an increased hepatic blood flow is compati- 
ble with an ischemic mechanism resulting in hepatic insuffi- 
ciency, we applied measured blood flow and oxygen consump- 
tion data to the theoretical Krogh model. A drawback to this 
analysis is that the Krogh-Erlang model is based on a number 
of assumptions.” For example, this model assumes a homoge- 
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Isopaths are generated at four different Krogh radii using equations 1 
and 2 (see text). The oxygen tension (PO,) is plotted against the blood 
flow, which is normalized to the normal control blood flow rate (Q ratio) 
according to the method of Tenney.” These isopaths show the mean 
predicted tissue oxygen tension in the liver for normal subjects, injured 
patients, and patients with sepsis. Arrows indicate the predicted criti- 
cal oxygen tension in each ‘ai group. 


neous distribution of tissue capillary blood flow and oxygen 
consumption. However, Kessler et al” have indicated that 
tissue capillaries are nonhomogeneous in length and blood 
flow distribution. Furthermore, Jones” has shown in hepato- 
cytes that mitochondrial clustering may alter intracellular 
oxygen gradients and mitochondrial oxygen dependence. 
Nevertheless, several authors thought Krogh analysis was 
useful in analyzing tissue oxygenation.” Indeed, this mod- 
el predicts the presence of significant intracellular oxygen 
gradients and their dependence on the metabolic rate, which 
has been adequately demonstrated experimentally in studies 
using isolated hepatocyte suspensions. ®" 

The critical oxygen tension reported by a number of experi- 
mental studies for the nonhypermetabolic liver is in the range 
of 18 to 22 mm Hg.*” The calculations presented here provide 
values within the physiologic range that are not dissimilar 
from experimental data. Furthermore, isolated hepatocyte 
experiments indicate that under conditions of high oxygen 
demand, intracellular oxygen gradients may increase by as 
much as 50%.” Similarly, the model used in this study indi- 
cates that the critical oxygen tension value should rise sub- 
stantially under conditions of increased oxygen demand (Ta- 
ble 2). This is further illustrated by the movement of 
individual isopaths in the Figure to a lower oxygen tension 
range as the metabolic rate for the individual patient group 
increases. The Krogh model, therefore, provides a basis of 
support for the concept that a tissue bed may become more 
sensitive to an ischemic insult despite increased oxygen 
transport. A similar Mdbhanisi has been proposed by Israel 
et al,” who noted that centrilobular hypoxia and necrosis may 
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result from ethanol-induced increased hepatic oxygen con- 
sumption. These studies have indicated that stepped-up oxy- 
gen consumption precipitates a steep hepatic lobular oxygen 
gradient, resulting in a centrilobular region that is very sensi- 
tive to hypoxia. If this increase in hepatic oxygen uptake is 
inhibited, tissue injury in response to hypoxic challenge is 
diminished. 

At the clinical level, this study suggests that maintaining or 
stimulating oxygen transport may provide tissue protection 
by increasing the margin of safety between end capillary 
oxygen tension and critical oxygen tension. Hepatic venous 
oxygen tension monitoring may serve a role in this regard, 
although it remains untested in longitudinal studies. Better, 
preferably noninvasive organ monitoring techniques are 
sorely needed to study mechanisms of organ failure in critical- 
ly ill patients. 

In summary, the Krogh tissue model predicts that the 
livers of patients with sepsis are more subject to damage due 
to hypoxia and ischemic events than in other patient groups 
despite the presence of increased blood flow to this organ. 
Although this analysis cannot prove a role for any single 
factor in regulating parenchymal oxygen tension, it does 
identify relative oxygen consumption changes as important in 
contributing to hypoxic tissue stress. 
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Interferon Gamma and Tumor 


Necrosis Factor Alpha 


Use in Gram-negative Infection After Shock 


Mark A. Malangoni, MD; David H. Livingston, MD; Gerald Sonnenfeld, PhD; Hiram C. Polk, Jr, MD 


èe Shock increases the propensity to develop infection after 
injury or operation. This study evaluated the effect of cefoxitin, 
interferon gamma (INF-y), and tumor necrosis factor alpha (TNF- 
a) on the development of a polymicrobial soft-tissue infection. 
After sham operation or hemorrhagic shock and resuscitation, 
Sprague-Dawley rats were inoculated with 110° Escherichia 
coli and 1x 10° Bacteroides fragilis in a 5% fecal suspension. 
Animals received either no treatment, cefoxitin, recombinant rat 
INF-y, recombinant human TNF-a, or cefoxitin/cytokine combina- 
tions. Cefoxitin reduced abscess size by 57% in animals without 
shock but only by 26% after shock. Although neither INF-y nor 
TNF-a alone had a salutary effect when given with cefoxitin in 
animals after shock, INF-y and TNF-a reduced abscess size by 
50% and 55%, respectively. These results suggest that INF- and 
TNF-a may be useful to reduce the severity of mixed gram- 
negative infections after shock with bacterial contamination. 

(Arch Surg. 1990;125:444-446) 


he persistent problem of infection and its sequelae as a 

major cause of death in surgical patients’ has stimulated 
activities designed either to prevent infection or to combat 
established infection. Proper operative technique can pre- 
clude a local milieu that is favorable to bacterial growth, and 
an understanding of the appropriate use of antibiotics will 
assist in minimizing and eradicating local bacterial contamina- 
tion. Newer antibiotics with broader antimicrobial activity 
and greater efficacy are beneficial in killing these microorgan- 
isms. Another avenue includes the administration of various 
substances that act as nonspecific stimulants of the immune 
system. Recognition of the essential role of intact host de- 
fenses in the prevention of infection, particularly in the im- 
mune-compromised patient, makes this area both attractive 
and promising for further investigation. 

Interferon gamma (IF'N-y) is a cytokine with immunomodi- 
fying properties that exceed those of previously identified 
interferons. It is produced mainly by lymphocytes in response 
to antigenic or mitogenic stimuli. This cytokine acts primarily 
on monocytes and macrophages to stimulate phagocytosis, 
oxygen free radical production, and the expression of class II 
major histocompatibility antigens, which are essential for the 
presentation of antigens to lymphocytes by the monocyte/ma- 
crophage. The IFN-y influences polymorphonuclear leuko- 
cyte and lymphocyte function and affects the production of 
other cytokines that can act in synergism with IF N-y.’ Exog- 
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enous INF-y also helps protect against a variety of experi- 
mental bacterial infections. ** 

Shock results in a number of immunologic derangements 
that have been linked to an increased susceptibility to infec- 
tion. Shock can uniformly diminish white blood cell functions, 
decrease lymphocyte response to various stimuli, and impair 
macrophage function. Major injury has been demonstrated to 
alter the production of a number of cytokines and eicosanoids 
that regulate the immune response.” Faist et al’ demonstrat- 
ed that in vitro production of IFN-y is depressed in patients 
for up to 3 weeks after severe injury. We previously showed 
that therapeutic coadministration of INF-y and an antibiotic 
to animals inoculated with Staphylococcus aureus after hem- 
orrhagic shock resulted in reduction of abscess number and 
size compared with those in animals treated with either INF- 
yor antibiotic alone.* 

Tumor necrosis factor alpha (TNF-a) is produced by mono- 
cytes in response to inflammatory stimuli. It has been identi- 
fied as a putative mediator of endotoxic shock, and high levels 
have been shown to be detrimental. In contrast, at low con- 
centrations, TNF-a has been demonstrated to increase mac- 
rophage and polymorphonuclear leukocyte cytotoxic ef- 
fects," stimulate polymorphonuclear leukocyte cell surface 
receptors,” and regulate the production of other cytokines.* 
Hershman et al” showed that exogenous TNF-a given in low 
doses (7500 U) improves survival in mice after a gram-nega- 
tive infected suture challenge. 

We previously showed that TNF-a administration can re- 
duce staphylococcal soft-tissue infection in rats after shock.” 
As in studies with INF-y, TNF-a had no beneficial effect 
when administered alone but demonstrated a synergistic ef- 
fect when given with an antibiotic after hemorrhage and 
resuscitation. 

Because there are differences in the pathogenesis of gram- 
positive and gram-negative infections as well as in the host 
response to these bacteria, we designed the present experi- 
ment to assess the efficacy of INF-y and TNF-a in the treat- 
ment of a mixed gram-negative infection. We used a model of 
polymicrobial infection with contaminant bacteria represent- 
ing the principal pathogens of colonic infection and adapted 
this to a previously described animal model of subcutaneous 
abscess. ° 


MATERIALS AND METHODS 


Female Sprague-Dawley rats (Harlan Sprague Dawley, Indianap- 
olis, Ind) weighing 190 to 220 g were acclimated to our animal re- 
search facility for 1 week. They were allowed free access to water and 
a standard rat diet (Purina Rat Chow, Ralston Purina Co, St Louis, 
Mo). Before experimentation, animals were given an intraperitoneal 
injection of ketamine hydrochloride (50 mg/kg) and xylazine hydro- 
chloride (15 mg/kg). A rectal temperature probe was inserted to 
monitor core body temperature, which was maintained at 37°C by a 
heating blanket. The right carotid artery was cannulated to monitor 
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blood pressure and infuse fluid. Heparin (1000 U/kg) was given 
intravenously. 


Shock 


Shock was induced by blood withdrawal, and the animals were then 
resuscitated according to a protocol previously described to mimic 
survival after hemorrhage.” In brief, rats were bled to reduce mean 
arterial pressure to 45 mm Hg, and this pressure was maintained for 
` 45 minutes. Shed blood and normal saline then were reinfused to 
restore mean arterial pressure to preshock levels. Animals that 
underwent sham operation had a cervical incision, and the artery was 
exposed but not ligated. Mortality in this model of hemorrhagic shock 
was approximately 15%, and all deaths occurred within 24 hours after 
shock. Animals that died wee not included in final analysis. 


Preparation of Bacteria 


Escherichia coli (ATCC 33985, American Type Culture Collection, 
Rockville, Md) was grown overnight in trypticase soy broth. Bacter- 
oides fragilis, an encapsulated strain isolated from a patient with 
peritonitis, was grown under anaerobic conditions in an equal mix- 
ture of Schadler’s broth and cooked meat medium for 48 hours. 
Bacteria were quantified by measuring optical density at 620 nm ona 
spectrophotometer, and comparisons were made to a previously 
determined standard curve that was verified by performance of 10- 
fold serial dilutions and backplating on selective media under appro- 
priate aerobic and anaerobic conditions. A 5% wt/vol suspension of 
rat feces and normal saline was autoclaved and allowed to settle. The 
bacteria were diluted with the fecal supernatant to obtain a concen- 
tration of 2x 10° E coli per milliliter and 2x 10° B fragilis per 
milliliter. | 


Bacterial Contamination and Experiment 


After shock or sham operation, the dorsal fur was clipped and the 
area cleansed with a povidone-iodine solution. Five subcutaneous 
sites per animal were injected with 0.5 mL of the bacteria/fecal 
suspension. Five days after inoculation, rats were killed. A dorsal 
incision was made and the skin was reflected from the underlying 
superficial musculature. Abscess diameter was measured as the av- 
erage of two measurements done at 90°. Abscesses were dissected 
from the surrounding tissues, excised, and weighed. 

Before inoculation, rats were allocated to one of the following 
treatment groups: (1) control, in which no treatment was given; (2) 
cefoxitin, in which rats were injected by the intraperitoneal route 
with cefoxitin, 30 mg/kg, 30 minutes before inoculation and then at 6 
and 12 hours; (8) interferon, in which animals were injected with 
recombinant rat IFN-y (Amgen Biologicals, Thousand Oaks, Calif), 
7500 U subcutaneously, 30 minutes after bacterial inoculation and 
daily for 3 days; (4) tumor necrosis factor, in which rats were injected 
with recombinant human TNF-a, 7500 units subcutaneously, as in 
group 3; (5) cefoxitin and INF-y, with treatment as outlined for 
groups 2 and 3; and (6) cefoxitin and TNF-a, with treatment as 
outlined for groups 2 and 4, Human TNF-a is known to cross species 
lines and has been shown to be effective in other models of infection 
after shock.” In some animals, the concentration of cefoxitin in the 
dorsal subcutaneous tissue was measured. 

The INF-y had a specific activity of 4 x 10° U/mg of protein and was 
diluted with phosphate-buffered saline supplemented with 5% nor- 
mal rat serum and frozen at —70°C until used. The TNF-a had a 
specific activity of 5.2 x 10° U/mg, and this was confirmed by assay on 
L-929 cells in our laboratory. The TNF-a was diluted with 5% bovine 
serum albumin in pyrogen-free normal saline and stored at 4°C. Both 
cytokines contained less than 0.5 ng/mg of protein of endotoxin by 
limulus amebocyte lysate testing. 


Analysis of Results 


Abscess diameter and weight were compared statistically by 
means of a prior analysis of variance followed by Tukey HSD multiple 
comparison of means. Significance was predetermined as P<.05. 

This study was reviewed and approved by the Animal Care Com- 
mittee of the University of Louisville (Ky). 


| RESULTS 


In animals without shock, cefoxitin significantly decreased 
both abscess diameter and weight compared with the untreat- 
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Table 1.— Abscess Measurements in Animals 
Without Shock* 


Abscess 
Weight, mg 
478+171 

89+ 50T 
550 + 241 
761 + 130 
Cefoxitin plus IFN-y 5.4+1.6T 142 +80t 
Cefoxitin plus TNF-a 5.6+0.7t 110+23t 


*IFN-y indicates interferon gamma; TNF-a, tissue necrosis factor alpha. 
+P<.05 vs control, IFN-y, and TNF-a groups. 


Abscess 
Diameter, mm 


11.9+2.3 
5.1+1.6T 

11.1+1.5 

12.4+1.1 


Control 
Cefoxitin 
IFN-Y 
TNF-a 











Table 2.—Abscess Measurements in Animals After Shock* 
Abscess Abscess 
Diameter, mm Weight, mg 


Control 12.5215 511+ 106 


Cefoxitin 9.2+1.2t 227+91t 
Cefoxitin plus IFN-y 6.2+1.4tt 140+ 63Tt 
Cefoxitin plus TNF-a 5.6+1.8Tt 175+ 103Ttt 





*|FN-y indicates interferon gamma; TNF-a, tissue necrosis factor alpha. 
tP<.05 vs control group. 
+P<.05 vs cefoxitin group. 


ed control group. The administration of INF-y alone did not 
significantly alter either variable measured; TNF-a in- 
creased abscess weight but did not affect abscess size (Table 
1). When INF-y or TNF-a was given along with cefoxitin, 
results were similar to those with cefoxitin alone. 

After shock, cefoxitin reduced abscess size and weight 
compared with control animals but to a lesser degree than in 
rats without shock (Table 2). Abscess diameter and weight in 
animals after shock treated with cefoxitin were significantly 
greater than those in antibiotic-treated rats without shock 
(P<.05). Because of the observations made in animals with- 
out shock and in a previous experiment,’ cytokines were not 
given alone after shock. The administration of either IN F-y or 
TNF-a with cefoxitin reduced abscess diameter and weight to 
approximately the same values noted in animals without 
shock treated with cefoxitin alone (Table 1). Representative 
abscesses were cultured, and only E coli and B fragilis grew. 

The correlation between the concentration of B fragilis 
(5 x 10" to 1 x 10°) and abscess diameter was r = .787 (7° = .617, 
P<.05). In contrast, when the concentration of B fragilis 
remained constant (1 x 10°) and the inoculum of E coli was 
varied, this correlation was poor (r=.084, 7° =.007). There 
were similar correlations between bacterial concentrations 
and abscess weight. 

The concentration of cefoxitin in the dorsal subcutaneous 
tissue 30 minutes after injection averaged 32.1+8.1 ug/g of 
tissue and did not differ significantly between treatment 
groups. The minimal inhibitory concentration for cefoxitin 
was 4 pg/mL for both E coli and B fragilis. 


COMMENT 


Hemorrhagic shock increases the risk of infection in pa- 
tients who have sustained penetrating abdominal! trauma” or 
who develop secondary intra-abdominal infections (M.A.M., 
unpublished data). Miles and Niven” showed that decreased 
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tissue perfusion due to dehydrational shock or to local admin- 
istration of epinephrine increased the size of experimental 
staphylococcal skin lesions. Others have demonstrated that 
shock increases mortality after experimental intraperitone- 
al^“ infection. 

Hemorrhagic shock results in a cascade of immunologic 
alterations to the biologic response to infection. In a study of 
experimental staphylococcal wound infection, Livingston and 
Malangoni® demonstrated that hemorrhagic shock reduces 
the inoculum necessary to establish infection and impairs the 
usual ability of an antibiotic given to prevent infection. Both 
of these effects persisted for at least 72 hours after shock. 

Many experimental and clinical studies have demonstrated 
that antimicrobial drugs given before or shortly after bacteri- 
al contamination reduce the incidence of local infection. Addi- 
tionally, there needs to be a sufficient concentration of drug at 
the site of contamination.” Results in the present experiment 
and in previous studies of gram-positive infection®” demon- 
strated that the effect of an antibiotic is reduced after shock 
even though the drug was given before contamination and 
there was adequate local drug concentration present. 

In the absence of shock, cefoxitin reduced abscess size by 
57% and decreased abscess weight by 81%. The therapeutic 
use of INF-y and TNF-a alone did little to affect abscess size, 
and both cytokines actually increased abscess weight. We 
postulate that INF-y or TNF-a alone do not induce a supran- 
ormal response to infection and, since there is little impair- 
ment of the immune response in rats that underwent sham 
operation, no beneficial effect was noted. The increase in 
abscess weight may indicate that these substances augment 
the inflammatory response to a gram-negative inoculum. 
Cheadle et al demonstrated that muramy] dipeptide, a non- 
specific immune adjuvant, increases experimental intraperi- 
toneal abscess formation possibly by increasing the contain- 
ment of the contaminating bacteria, B fragilis. The addition of 
clindamycin abolished this effect. 

After shock, cefoxitin reduced abscess size and weight; 
however, this drug was less effective than when shock was 
absent, even though tissue concentrations of antibiotic were 
similar. We postulate that the compromise in host defenses 
that follows hemorrhagic shock accounts for the diminished 
effect of antibiotic alone. The addition of either TNF-a or 
INF-y to cefoxitin after shock reduces abscess size and 
weight to levels near those seen when cefoxitin was used 


alone in animals without shock. In a previous study, we were 
able to demonstrate a significant reduction in the incidence of 
staphylococéal abscess formation when antibiotic/cytokine 
combinations were used." The failure to prevent infection in 
the present study may be due to the larger inoculum size, 
peculiar characteristics of the bacteria chosen, impairment in 
clearance induced by the presence of particulate feces in the 
inoculum, or differences in the phagocytosis and killing of . 
gram-positive and gram-negative bacteria. 

Hershman et al*“ demonstrated that both INF-y and TNF- 
a improve survival after experimental infection with Klebsi- 
ella pneumoniae. Ozaki et al” showed that the administration 
of interleukin la to mice improved survival after intraperito- 
neal inoculation of K pneumoniae, but this effect was not 
demonstrated for Pseudomonas aeruginosa. These authors 
suggested that the augmentation of host defenses induced by 
interleukin la must coincide with the critical time during 
which infection becomes established, and this period clearly 
differs between bacteria. The concept of a specific interval 
after bacterial inoculation when intervention can ultimately 
affect the development of infection corresponds to the “deci- 
sive period” of infection advocated by Miles and Niven.” 
These principles have been applied to structure the proper 
timing of antibiotic administration to prevent infection. A 
previous study from our laboratory showed that increasing 
the dosage and duration of antibiotic therapy can reduce the 
incidence and severity of infection after shock.” We postulat- 
ed that shock may alter the period during which infection can 
be modified. The decisive period in which cytokines will affect 
infection remains to be defined, although our results suggest 
that these agents can be useful after bacterial contamination. 

Stimulation of host defenses against bacterial infection by 
biologic response modifiers is a promising area for further 
development. Our results, in context with previous investiga- 
tions of staphylococcal infection, suggest that both INF-y and 
TNF-a may be useful in clinical situations where the risk of 
infection is high and host defenses are suboptimal. Cytokine 
mechanism of action remains to be determined and may im- 
pact the dosage used and the time for initiation of treatment, 
and possibly may suggest other avenues for stimulation of 
host immune defenses. 


The recombinant human TNF-a was a gift of Genentech Inc, South San 
Francisco, Calif. 
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Liver Biochemical and Histological Changes 
With Graded Amounts of Total 


Parenteral Nutrition 


Antonio Carlos Campos, MD, MS; Albert Oler, MD, PhD; Michael M. Meguid, MD, PhD; Ting- Yuan Chen, MD 


e We sought to determine whether an excess in energy intake 
as total parenteral nutrition would result in liver biochemical and 
histological changes in the presence of a functional gastrointes- 
tinal tract. Three groups of rats were given amounts of total 
parenteral nutrition that provided either 25% (total parenteral 
nutrition-25), 100% (total parenteral nutrition-100), or 200% (total 
parenteral nutrition-200) of a rat’s energy requirements. Rat 
chow and water were available ad libitum. Food intake decreased 
in proportion to the amount of total parenteral nutrition infused; it 
ceased with total parenteral nutrition-200. Liver glycogen and 
triglyceride concentrations were higher with high energy intake 
(total parenteral nutrition-100 and total parenteral nutrition-200), 
while total liver nitrogen concentrations remained unchanged. 
No cholestasis, inflammation, or fibrosis was seen histological- 
ly. Fatty vacuoles were increased with total parenteral nutrition 
(more so with total parenteral nutrition-200) but a prompt return 
to normal liver features was observed after cessation of total 
parenteral nutrition and the resumption of normal food intake. 

(Arch Surg. 1990;125:447-450) 


bnormal liver function test results and associated liver 

fatty changes may develop in 60% to 90% of patients 
given glucose-based total parenteral nutrition (TPN).’” The 
causes of these abnormalities have been extensively studied. 
Because of the evidence that progressive liver injury may 
develop in some patients, especially among those requiring 
long-term TPN,’ a better understanding of the relationship 
between TPN-induced hepatic histological and biochemical 
changes and the liver’s ability to recover after stopping TPN 
is needed. 

The occurrence of fatty infiltration of the liver may be due 
to a combination of several factors, including the nonprotein 
energy source of TPN,“ the quantity and quality of amino 
acids infused,’ an inadequate energy-protein ratio of the infu- 
sate, amino acid toxicity,’ an essential fatty acid deficiency,” 
toxic contaminants ah ir in the TPN solution,” carnitine 
deficiency,’ the route of administration of nutrients,”” previ- 
ous liver disease aggravated by TPN,” and other general 
conditions, such as the hypoalbuminemia of malnutrition or 
concurrent sepsis. 

Currently, two possibilities frequently considered are the 
proportion of glucose-fat energy intake*’ and the transloca- 
tion of bacteria and/or hepatotoxins from the gut as a result of 
mucosal atrophy from the lack of oral intake.“ 

The aim of this study was to determine whether an excess of 
intravenous energy intake as TPN with appropriate glucose- 
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fat composition would result in liver biochemical and histolog- 
ical changes in the presence of a functional gastrointestinal 
tract. Furthermore, the ability of the liver to recover histo- 
logically and biochemically after stopping TPN was also 
assessed. 


MATERIALS AND METHODS 
Experimental Subjects 


Eighty young, mature male Fischer 344 rats (Charles River Inc, 
Wilmington, Mass) with an initial purchase weight of 250 g were used. 
Rats were housed individually in holding cages for 7 to 10 days to 
acclimate them to the constant study environmental conditions of 12- 
hour light/dark cycles, a mean (+SD) room temperature of 
26°C + 1°C, and 45% humidity. Rats were allowed free access to water 
and fresh coarsely ground rat chow (diet 5008, Ralston Purina, St 
Louis, Mo) providing 14.7 kJ/g, throughout the study. Food intake 
was measured daily at 8 AM and a fresh supply of rat chow (from the 
same initial stock) and water were provided daily. The mean + SEM 
daily rat chow intake during the last 3 days of the acclimatization 
period was 15.14 + 0.23 g, equivalent to 222.6 kJ/d; this was taken as 
100% of the rats daily energy requirements on which the TPN 
percentages were calculated. 


Jugular Vein Catheterization 


Rats were anesthetized by intraperitoneal injection of 3% chloral 
hydrate (1 mL/100 g of body weight) and a Silastic catheter (0.063 em 
[internal diameter] and 0.119 cm [outer diameter], Silastic Medical 
Grade Tubing, Dow Corning Co, Midland, Mo) filled with normal 
saline was inserted into the jugular vein. After the operation, the rats 
were individually placed into metabolic cages. Catheter patency was 
maintained with the constant infusion of normal saline at 3 mL/h using 
a calibrated Imed 960 volumetric infusion pump (Imed Corp, San 
Diego, Calif). 


Experimental Design 


The study was approved by the Committee for the Humane Use of 
Animals, State University of New York—-Health Science Center, 
Syracuse. The basic experimental design is shown schematically in 
Fig 1. Rats were divided into a control group (n=8) and three study 
groups (n= 24 per group) according to the amount of TPN solution 
infused: group 1 received TPN-25, group 2 received TPN-100, and 
group 3 received TPN-200. The TPN solutions were isovolumetric 
nutritional mixtures of the same relative composition of nutrients: 
amino acids, 20%; dextrose, 50%; and lipids, 30%. They were infused 
intravenously at a constant rate of 3 mL/h, providing either 25%, 
100%, or 200% of a rat’s daily energy requirements. 

After insertion of the jugular catheter, all rats received normal 
saline for 10 days. The 8 control rats were killed on day 10, and the 
rats from each of the three study groups were divided into three 
subgroups (n=8 per subgroup). Rats in subgroup A were killed on 
day 14, at the end of a 3-day graded TPN infusion period. Rats in 
subgroup B were killed on day 20, after 9 days of graded TPN 
infusion. Rats in subgroup C were killed on day 18, after having 
received TPN for 3 days (days 11 through 13) followed by 4 days of 
receiving normal saline. All 80 rats were weighed at the beginning 
and end of the study; all data from rats with a weight loss greater than 
5% by the end of the study were excluded from further analysis. 
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Fig 1.— Study design. The double dagger indicates the time of killing. 


Killing and Sampling 


Rats were killed by decapitation between 8 and 10 AM. The liver 
was removed and a sample was taken for histological studies. The 
remaining liver was clamp frozen and stored at — 30°C for later tissue 
biochemical analysis. 


Histological Studies 


Liver samples for histological studies were fixed in buffered for- 
malin, processed, embedded in paraffin, and sectioned. Histological 
stains included standard hematoxylin-eosin, periodic acid-Schiff for 
glycogen visualization, and osmium tetroxide for lipid demonstra- 
tion. For osmium tetroxide stains, a 1- to 2-mm-thick section of 
formalin-fixed tissue was rinsed with phosphate buffer and then 
immersed in 2% osmium tetroxide for 7 hours. The reaction was 
stopped by rinsing in 50% alcohol. The tissue was stepwise 
dehydrated to 100% alcohol, embedded in paraffin, cut at 5 pm, and 
counterstained with hematoxylin. 

The coded liver sections were examined by a pathologist (A.O.) 
who was not aware of the coding used to identify the source of the 
specimen. Evaluated were cholestasis, periportal inflammation, and 
hepatic fat infiltration, as reflected by hepatocyte cytoplasmic vacuo- 
lization. Degrees of vacuolization as a percent of cytoplasmic area 
vacuolated were defined as the following: 0 indicates no vacuolization 
present; traces, less than 5%; plus sign, between 5% and 25%; two 
plus signs, between 26% and 50%; three plus signs, between 51% and 
75%; and four plus signs, greater than 75%. 


Hepatic Tissue Analysis 


Liver Triglyceride.—Liver tissue was homogenized in 2 mL of 
perchloric acid, 0.05 mol/L, using a Tissumizer (Tekmar Company, 
Cincinnati, Ohio). The supernatant was collected and the triglyceride 
concentrations measured using a reagent set (Sigma Diagnostics, St 
Louis, Mo) in a DU-8B spectrophotometer (Beckman Instruments, 
Palo Alto, Calif). 

Liver Glycogen.—One hundred milligrams of frozen liver was 
placed in 3 mL of 30% potassium hydroxide, maintained in boiling 
water for 30 minutes for digestion, and measured in a DU-8B 
spectrophotometer. 

Liver Total Nitrogen. — An aliquot of 200 mg of wet weight of liver 
previously digested using a Technicon BD-40 Block Digestor (Techni- 
con Industrial System, Tarrytown, NY) was analyzed for total Kjel- 
dahl nitrogen using a Technicon Auto Analyzer II Continuous Flow 
Analytical System (Technicon Industrial System, Tarrytown, NY). 


Statistical Analysis 


Biochemical data are presented as the mean (+SEM). The non- 
paired Student’s t test was used to evaluate the differences between 
the groups and subgroups. 


RESULTS 
Food Intake 


Food intake decreased in response to the TPN infusion 
proportionally to the amount of TPN infused, as shown in Fig 
2. When TPN was stopped and normal saline was reinfused, 
food intake gradually increased and returned to pre-TPN 
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Fig 2.— Spontaneous food intake in rats during graded total parenteral 
nutrition (TPN) and during the post-TPN period. Total parenteral 
nutrition-25% indicates the amount of TPN that provides 25% of a rats 
energy requirements; TPN-100%, the amount of TPN that provides 
100% of a rats energy requirements; and TPN-200%, the amount of 
TPN that provides 200% of a rat's energy requirements. 
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Fig 3.—Spontaneous food intake in rats receiving total parenteral 
nutrition (TPN) 25% or TPN-100% for 3 or 9 days. Total parenteral 
nutrition-25% indicates the amount of TPN that provides 25% of a rat's 
energy requirements; TPN-100%, the amount of TPN that provides 
100% of a rat's energy requirements. 
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levels 4 days later. As shown in Fig 3, the initial degree of 
suppression of food intake was maintained during the ex- 
tended TPN infusion period. 


Histological Studies 


No histological signs of cholestasis or periportal inflamma- 
tion were present in any group. Despite varying degrees of fat 
infiltration, the hepatocyte characteristics were preserved 
and no signs of hepatocellular damage were observed. Glyco- 
gen, as revealed by periodic acid-Schiff staining, was present 
in all specimens. 

The degree of liver vacuolization varied among the study 
groups and subgroups and is summarized in the Table. The 
osmium stains showed that vacuoles resulted predominantly 
from fat accumulation. In the control group receiving normal 
saline, no vacuolization or only rare vacuoles were observed. 
In the A subgroups,the changes were directly related to the 
amount of graded TPN administered. Changes were absent 
or minimal with TPN-25. However, changes were usually 
marked with TPN-100 and still more pronounced with TPN- 
200 (Fig 4). 

In the B subgroups, histological changes in TPN-25 and 
TPN-100 were not substantially different from those ob- 
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Degree of Hepatic Parenchymal Vacuolization in Control and Study Rats 


Normal saline/control 
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Degree of Parenchymal Vacuolization, % 


6-25 26-50 51-75 


*TPN-25 indicates the amount of total parenteral nutrition (TPN) that provides 25% of a rat’s energy requirements; TPN-100, the amount of TPN that provides 
100% of a rat’s energy requirements; and TPN-200, the amount of TPN that provides 200% of a rat's energy requirements. 





Fig 4.—Liver REREN of a rat from the total aerat nutrition a PN) 
200 group presenting more than 75% of vacuolization. Top, Hematox- 
ylin-eosin (original magnification, x 400). Bottom, Osmium tetroxide 
(original magnification, x 400). 


served when TPN-25 or TPN-100 was infused for only 3 days. 
Rats receiving TPN-200 did not survive the infusion of highly 
concentrated TPN for more than 6 days, and were therefore 
excluded from the study. 

In the C subgroups, an impressive return toward normal 
liver histology was observed. Only one rat in the TPN-100 
group still had marked vacuolization after 4 days. Thus, a 
prompt recovery of normal liver histology occurred with ces- 
sation of TPN and reinfusion of normal saline. 


Biochemical Analysis 


The results of liver triglyceride, glycogen, and nitrogen 
concentration measurements at the various killing times are 
shown in Fig 5. Triglyceride concentrations in subgroups A 
increased proportionally to the amount of energy intake in- 
fused as TPN. They were significantly higher with TPN-100 
and TPN-200. In subgroups B, no change occurred with TPN- 
25, while a significant increase occurred with TPN-100 
(P<. 01), to levels similar to those found with TPN-100 for 3 
days. In subgroups C, a restoration of liver triglycerides to 
normal levels occurred in all groups. 

In subgroups A, glycogen concentration in the liver rose in 
rough proportion to the amount of TPN infused and was 
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Fig 5.—Liver glycogen, triglyceride, and nitrogen concentrations in 
study rats receiving graded total parenteral nutrition (TPN) compared 
with control rats receiving normal saline. Total parenteral nutrition- 
25% indicates the amount of TPN that provides 25% of a rat's energy 
requirements; TPN-100%, the amount of TPN that provides 100% of a 
rat's energy requirements; and TPN-200%, the amount of TPN that 
provides 200% of a rats energy requirements. Asterisk indicates 
P<.01 compared with control rats receiving normal saline. 
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significantly higher in the livers of rats receiving TPN-200 
(P<.001) for 3 days. In subgroups B and C, liver glycogen 
concentrations were not significantly different from the day 
10 control group. Compared with normal saline control rats on 
day 10, no significant changes were observed in total liver 
nitrogen concentrations in any group or subgroup. 

The relationship between histological fatty changes and 
hepatic triglyceride concentrations was evaluated by compar- 
ing the measured hepatic triglyceride content with the extent 
of histological vacuolization for each rat in each group and 
subgroup. It was observed that no fatty changes occurred in 
any rat in which hepatic triglyceride content was below 20 
mg/g of wet tissue. In contrast, when the liver triglyceride 
concentration was above 30 mg/g of wet tissue, all rats demon- 
strated 25% or greater fatty vacuoles. However, when the 
range of hepatic triglyceride concentration varied from 20 to 
30 mg/g of wet tissue, the correlation between the triglycer- 
ide level and vacuolization was poor. Within this range, there 
were varying degrees of liver fatty changes, ranging from 
none or mild to more extensive fatty changes. Therefore, 
good correlation existed between liver histology and hepatic 
triglyceride concentrations only when the hepatic triglycer- 
ide content was either low (<20 mg/g of wet tissue) or high 
(>30 mg/g of wet tissue). 


COMMENT 


The purpose of this study was to examine whether liver 
histological and biochemical changes occurred in rats when an 
excess of balanced TPN solutions were given in differing 
amounts in the presence of a functioning gastrointestinal 
tract. Although no or only minimal histological or biochemical 
changes were observed when TPN-25 was infused for either 3 
or 9 days, the infusion of both TPN-100 and TPN-200 resulted 
in pronounced hepatic histological and biochemical changes. 
Thus, the amount of TPN given had a strong influence on the 
severity of the fatty changes observed during the short-term 
TPN infusion periods. 

Although rat chow was allowed ad libitum for all rats 
throughout the experiment, the amount eaten varied inverse- 
ly to the amount of TPN solution given. While the infusion of 
TPN-25 suppressed food intake by about 50%, TPN-100 sup- 
pressed food intake by about 90% and TPN-200 completely 
abolished food intake. The total energy intake in each group 
was therefore the sum of the oral and intravenous energy 
intake. Thus, with TPN-25, a total energy deficit of 5% oc- 
curred; the infusion of TPN-100 resulted in a total energy 
surplus of about 30%, while TPN-200 resulted in a total 
energy surplus of 100%. 

The most frequent hepatic parenchymal histopathological 
alterations reported during TPN administration were the 


presence of fat vacuoles in centrolobular hepatocytes and in 
Kupffer cells,‘ a fatty liver, cholestasis and nonspecific triadi- 
tis,” fibrosis; and proliferation of bile ducts.™ However, 
despite high energy intake in our study, we did not observe 
histological signs of cholestasis, inflammation, or fibrosis, 
suggesting that the TPN composition was adequate and non- 
toxic to the liver. These results suggest that there was no 
permanent hepatocellular damage in the liver with the infu- 
sion of a balanced TPN solution in the presence of a function- 
ing gastrointestinal tract. Fatty liver changes occurred only 
when the total (oral plus intravenous) energy intake was 
greater than 100% of the rat’s daily energy needs. 

Histological changes observed consisted only of different 
degrees of vacuolization and were more pronounced in groups 
receiving greater amounts of intravenous energy. These 
changes were more pronounced in the TPN-200 group but 
were reversed by 4 days after TPN was stopped. Total paren- 
teral nutrition infusion for an extended period of 9 days did 
not result in an increase in liver fatty changes compared with 
a 3-day infusion period. 

Keim” evaluated the liver lipid content of rats that received 
either “adequate” or “excessive” energy intake with different 
glucose-fat ratios, and concluded that the total amount of 
energy intake has precedence over the energy source in de- 
termining liver lipid content, a conclusion supported by our 
results. Similarly, Sax et al” observed significant hepatic 
steatosis in the rats infused with “high-glucose TPN,” while 
the rats infused with “low-glucose TPN” did not develop a 
fatty liver despite being without oral intake and receiving 
lipid-free infusions. In contrast, Shulman et al‘ found histolog- 
ical hepatic steatosis in pigs receiving glucose-based TPN 
regimens even at the low end of the range of recommended 
total energy intake for pigs. However, in the group receiving 
the glucose/fat TPN regimen in proportions similar to that 
used in our study, no liver fat changes were observed. 

In our study, the highest vacuolization was observed in the 
TPN-200 group. Although these rats received the highest 
energy intake, they also stopped eating. These results sup- 
port the concept that excessive energy intake may be respon- 
sible for the fatty liver changes. However, because the ani- 
mals stopped eating, these results do not exclude the 
possibility of bacterial or hepatotoxins translocation from the 
bowel, although the absence of histological signs of hepatic 
toxicity, hepatocellular damage, or inflammation in our mate- 
rial argue against this. 
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: 
Source of Plasma Chromogranin A 


Elevation in Gastrinoma Patients 


_ Bruce E. Stabile, MD; Thomas J. Howard, MD; Edward Passaro, Jr, MD; Daniel T. O’Connor, MD 


e Chromogranin A (Cg A) is a protein that is coreleased with 
peptide hormones from gut endocrine cells and tumors. Plasma 
levels of Cg A, pepsinogen group |, and gastrin were measured in 
31 patients with gastrinoma. Mean Cg A level in 10 patients with 
gastrinoma who were not operated on was 169 + 32 ng/mL, while 
in 9 control patients it was 28+5 ng/mL. In 18 patients with 
gastrinoma with residual tumor after total gastrectomy, the mean 
Cg A level was 45+6 ng/mL, and in 10 patients with normal 
gastrin levels after total gastrectomy and tumor excision, the 
mean Cg A level was 40 + 4 ng/mL. In 7 patients in whom pregas- 
trectomy and postgastrectomy Cg A levels were measured, the 
mean reduction was 94 + 27 ng/mL, or 66%. There was no correla- 
tion between Cg A levels and amount of tumor, presence of 
metastases, or multiple endocrine neoplasia type | syndrome. 
There was a significant correlation between Cg A and pepsino- 
gen I levels but no correlation between Cg A and gastrin levels. 
The results suggest that the elevated plasma Cg A levels in 
patients with gastrinoma are determined primarily by the trophic 
effects of gastrin on gastric enterochromaffinlike cells rather 
than by corelease from the gastrin-producing tumor itself. 

(Arch Surg. 1990;125:451-453) 


P atients with elevated plasma gastrin concentrations from 
conditions such as gastrinoma (Zollinger-Ellison syn- 
drome) and chronic atrophic gastritis have increased numbers 
of enterochromaffinlike (ECL) cells in the gastric fundic mu- 
cosa.” The association is thought to be the consequence of a 
mitogenic effect of gastrin on the ECL cell population of the 
stomach.’ Pharmacologic inhibition of gastric acid secretion 
by histamine,-receptor antagonists and omeprazole can also 
raise the plasma gastrin concentration sufficiently to increase 
the ECL cell density.’ This effect is likewise associated with, 
and thought to be the result of, hypergastrinemia. In both the 
clinical and animal laboratory settings, conditions producing 
prolonged and marked hypergastrinemia have been associat- 
ed with development of multiple gastric carcinoid tumors of 
ECL origin.” Patients with pernicious anemia and gastrin- 
oma have been found on occasion to harbor such tumors, and 
long-term administration of high-dose omeprazole or power- 
ful histamine,-blockers have induced multiple gastric carci- 
noidsinthe rat." | 

Patients with gastrinoma, like most other patients with 
peptide hormone-producing tumors, have been noted to have 
elevated plasma levels of chromogranin A (Cg A). ™”? This 
48-kd acidic monomeric protein is costored and coreleased 
with resident hormones by a wide variety of normal neuroen- 
docrine tissues and benign and malignant neuroendocrine 
tumors.” Since Cg A is not produced by nonendocrine cells, it 
can serve as a useful endocrine tumor marker even in the 
absence of usual resident hormone secretion by the tumor. ™” 
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Immunohistochemical staining for Cg A has shown the pro- 
tein to be present in the antral G cells and fundic ECL cells of 
the stomach, as well as in gastrinomas and carcinoid tumors. “ 
It is therefore unclear in patients with gastrinoma whether 
the elevated plasma Cg A levels are derived primarily from 
the tumor itself or from the associated ECL cell hyperplasia of 
the fundic mucosa. The purposes of the present study were to 
investigate plasma Cg A levels in a group of patients with 
gastrinoma and to determine the primary source of the ob- 
served Cg A elevation. 


PATIENTS AND METHODS 


The study population consisted of 31 patients with gastrinoma, and 
the control population was composed of 9 patients with inguinal 
hernia. Among the patients with gastrinoma, there were 21 men and 
10 women, with a mean age of 48 years (range, 22 to 71 years). The 
control patients with inguinal hernia were all men and had a mean age 
of 58 years (range, 28 to 73 years). Eleven (35%) of the patients with 
gastrinoma had the multiple endocrine neoplasia type I (MEN I) 
syndrome. All patients with gastrinoma underwent laparotomy, and 
24 (77%) had tumor documented histologically. The distribution of 
tumor sites was as follows: pancreas only, 5 patients; duodenum only, 
3; lymph node only, 2; liver only, 2; pancreas and lymph node, 6; 
pancreas and liver, 3; pancreas, lymph node, and liver, 2; and lymph 
node and liver, 1. The 7 patients without histologic confirmation of 
gastrinoma all had typical clinical presentations, elevated basal plas- 
ma gastrin levels, and positive gastrin responses to stimulation by 
intravenous secretin injection or calcium infusion. Total gastrectomy 
was performed in all 31 patients with gastrinoma. In 13 patients 
(42%), all grossly evident tumor was excised at operation, while in 11 
patients (35%), unresectable tumor was subjected to biopsy only. In 
the remaining 7 patients (23%), no tumor could be found. 

Plasma levels of Cg A and pepsinogen group I (Pg I) were measured 
in all 40 subjects, and gastrin levels were assayed in all 31 patients 
with gastrinoma by means of previously described radioimmunoas- 
says.” Among the patients with gastrinoma, 7 had testing both 
before and after total gastrectomy, 3 had preoperative testing only, 
and 21 had postoperative testing only. Four patients with gastrinoma 
were subjected to a calcium infusion test (1 preoperatively and 3 
postoperatively) with the use of standardized techniques, with test- 
ing of plasma samples immediately before and after 2 hours of infu- 
sion.” An informed consent was obtained from each patient before the 
calcium infusion test was performed. 

All radioimmunoassay samples were measured in duplicate. Re- 
sults are reported as means+SEMs. Differences in group means 
were evaluated by means of Student's t test. Independent data were 
analyzed by Fisher’s Exact Text. Correlation coefficients were deter- 
mined by means of the Pearson Product-Moment procedure. P<.05 
was considered statistically significant. 


RESULTS 


The mean plasma Cg A concentration in nine control sub- 
jects was 28+5 ng/mL, and in 10 patients with gastrinoma 
before surgery it was 169+ 32 ng/mL (P<.001) (Fig 1). In 28 
patients with gastrinoma, the mean Cg A level after total 
gastrectomy was 43+5 ng/mL (P<.001 vs the preoperative 
group, P<.05 vs the control group). Of the 28 postoperative 
patients, 18 (64%) had residually elevated plasma basal gas- 
trin levels (range, 126 to 30000 ng/L) after tumor biopsy 
without complete tumor excision or failure to find tumor, 
while 10 (836%) had normal gastrin levels (range, 20 to 99 ng/L) 
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Fig 1.—Plasma chromogranin A concentrations in 31 patients with 
gastrinoma and nine control patients. In the gastrinoma group, deter- 
minations were made in 10 patients preoperatively, in 18 patients after 
total gastrectomy and tumor biopsy, and in 10 patients after total 
gastrectomy and complete excision of tumor. Horizontal lines indicate 
mean values. 
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Fig 2.—Plasma chromogranin A levels in seven patients with gastrin- 
oma tested both before and after total gastrectomy. 


after excision of all detectable gastrinoma. The mean Cg A 
levels in these two groups of postoperative patients were 
45 +6 ng/mL for the 18 patients with tumor biopsy and 40 + 4 
ng/mL for the 10 patients with tumor excision (P>.05) (Fig 1). 
In the 7 patients in whom preoperative and postoperative Cg 
A levels were measured, the mean fell from 142+ 2.5 ng/mL 
to 49 + 8 ng/mL (a 66% reduction) (P<.02). The Cg A level fell 
in each case regardless of whether tumor excision was com- 
plete or whether hypergastrinemia persisted postoperatively 
(Fig 2). 

No significant correlations were found between plasma Cg 
A and age or sex, location or amount of tumor, presence of 
metastases, or MEN I syndrome. Plasma Cg A level was 
highly correlated with plasma Pg I level (r=.51, P=.001) 
(Fig 3). There was no correlation between Cg A and gastrin 
levels or between Pg I and gastrin levels. 

Calcium infusion caused an 83% rise in Cg A levels (from 
117 to 214 ng/mL) along with parallel increases in Pg I and 
gastrin levels in the single patient with gastrinoma tested 
preoperatively (Fig 4). A mean increase in Cg A level of only 
25% (28 + 6 to 34 +7 ng/mL) was seen in three patients tested 
after total gastrectomy (P>.05). There was no change in the 
already negligible Pg I levels, and the gastrin responses were 
varied. 
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Fig 3.—Semilogarithmic plot of plasma pepsinogen | vs plasma chro- 
mogranin A concentrations in 31 patients with gastrinoma. 
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Fig 4.—Plasma chromogranin A, pepsinogen |, and gastrin levels 
before and after calcium infusion in four patients with gastrinoma. One 
patient was tested before and three patients after total gastrectomy. 


COMMENT 


The plasma levels of Cg A have been well characterized in a 
variety of endocrine and nonendocrine disorders, including 
benign and malignant neoplasias. ™™®*®* It would appear that 
virtually all peptide- and catecholamine-secreting neuroendo- 
crine tumors and hyperplasias corelease excessive amounts of 
Cg A into the circulation along with their resident hormones. 
While inmmunohistochemical staining has confirmed the pres- 
ence of Cg A within normal endocrine cells and these tumors 
and hyperplasias, it is not clear that the elevated plasma Cg A 
levels are inevitably derived from the index lesions them- 
selves.“””' In the case of hyperparathyroidism associated 
with MEN I syndrome, for example, parathyroidectomy did 
not affect the Cg A levels unless the patients also had the 
Zollinger-Ellison syndrome.” This finding suggests that the 
presence of hypergastrinemia may be the principal determi- 
nant of the elevated Cg A levels in hyperparathyroid patients 
with MEN I. The present study was designed to elucidate the 
relationship between plasma Cg A and gastrin levels in the 
Zollinger-Ellison syndrome and determine the primary site of 
origin responsible for the elevated Cg A levels observed. 

Although the control group used in this study was not large, 
the measured Cg A levels were consistent with previous 
experience with large groups of normal subjects with the use 
of the same radioimmunoassay. ™™"" The markedly elevated 
Cg A levels found in the unoperated on patients with gastrin- 
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oma were also typical of peptide-secreting tumors of the 
human gastrointestinal tract. A somewhat unexpected find- 
ing was the lack of correlation between plasma levels of Cg A 
and gastrin, suggesting that release of the two secretory 
products is not closely coregulated.” This finding is inconsis- 
tent, however, with the recent observation by Nanes et al” of 
a significant association between Cg A and gastrin levels in 
patients with hyperparathyroidism and MEN I syndrome. 
' Although the reason for the discrepancy is not readily appar- 
ent, the changes in Cg A resulting from total gastrectomy 
help to elucidate further the relationship between Cg A and 
gastrin levels. Specifically, the fall in Cg A levels after gastric 
resection was universal whether or not the gastrin-secreting 
tumor was excised. Furthermore, the postoperative Cg A 
levels of patients with and without residual tumor were virtu- 
ally identical and only slightly greater than control values. It 
would appear, therefore, that the principal determinant of 
the Cg A levels in these patients with gastrinoma was the 
presence or absence of the stomach, rather than the amount of 
gastrin released by the tumor. This conclusion is further 
supported by the high degree of association between the Cg A 
and Pg I levels noted in this study. 

Since the ECL cells of the fundic mucosa contain Cg A and 
are known to be highly responsive to the trophic influence of 
long-term gastrin stimulation, it is reasonable to speculate 
that these Cg A-producing cells might be the principal source 
of plasma Cg A excess in gastrinoma.”*” The recent work of 
Tielemans et al’ has shown that, in the rat, treatment with 
omeprazole markedly accelerated the rate of self-replication 
of fundic ECL cells. Although other circulating factors could 
contribute, the high correlation found between plasma gas- 
trin and ECL cell proliferation suggests causality by the 
trophic hormone. In the rat, gastric ECL cell hyperplasia has 
been demonstrated in response to long-term pentagastrin 
administration and antral exclusion.”™ In humans with 
chronic hypergastrinemic states, ECL cell hyperplasia is like- 
wise well recognized."” Consistent with this, Bordi et al” 
demonstrated reactivity of the ECL cells with antichromo- 
granin antibodies in patients with hypergastrinemia second- 
ary to chronic trophic gastritis. Furthermore, Nanes et al” 
found no correlation between Cg A and serum or plasma 
concentrations of calcium, phosphate, parathyroid hormone, 
prolactin, calcitonin, or age-corrected pancreatic polypep- 
tide. Earlier studies also noted poor correlations between 
levels of Cg A and the usual resident peptide hormones of a 
variety of human endocrine tumors.” Preliminary results 
from our laboratory indicate that, in normal humans, intrave- 
nous infusion of pentagastrin caused a small but significant 
rise in plasma Cg A levels, while secretin, calcium, edetic 
acid, glucose, bromocriptine, and haloperidol did not (Mar- 
wan A. Takiyyudin, MD, and D.T.O, unpublished data, 1989). 

In the present study, calcium infusion in four patients with 
gastrinomas caused a rise only in the single patient with an 
intact stomach. This suggests that the Cg A release was 
principally from the stomach rather than from tumor but may 
have been mediated by the associated increase in plasma 
gastrin level. It is thus possible that the combined elements of 
basal hypergastrinemia and an intact, or perhaps increased, 
gastric ECL cell mass are required for significant Cg A 
release by calcium infusion to occur. 

In addition to hyperplasia of the gastric ECL cells, several 
investigations have documented ECL cell carcinoid tumors in 
the Zollinger-Ellison syndrome and chronic atrophic gastri- 
tis.’°*” Thus, thereisa histologic correlate to the biochemical 
data from our study linking hypergastrinemia to increased 
release of Cg A from hyperplastic ECL cells in the fundic 
mucosa. Of practical importance is the idea that plasma Cg A 
levels can be used not only in the diagnosis of endocrine 
neoplasms but also to monitor the ECL cell population in 
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patients with hypergastrinemic states.” Although very 
rare, ECL cell hyperplasia clearly can progress to the devel- 
opment of carcinoid tumors, and Cg A represents a highly 
reliable plasma marker for these tumors.” In recent years, 
long-term treatment of patients with gastrinoma with power- 
ful antisecretory drugs, such as omeprazole and histamine,- 
blockers, has almost entirely obviated the need for total 
gastrectomy. It remains to be determined whether a signifi- 
cant incidence of gastric carcinoid tumors will develop in these 
patients and others treated with long-term acid-reducing 
drug therapy. Intermittent monitoring of the ECL cell popu- 
lation by measurement of plasma Cg A levels may prove 
useful in the follow-up of such patients. 


This study was supported by the Veterans Administration, Washington, DC, 
and the National Institutes of Health, Bethesda, Md. 
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Neutrophil Chemotactic Activity 
in Human Gastric Secretions 


Robert A. Kozol, MD; Amalia Punzo, MD; Randall Ribaudo, PhD; Edward F. Rossomando, DDS, PhD; Salwa A. Elgebaly, PhD 


è To study levels of neutrophil chemotactic activity in human 
gastric secretions, these secretions were collected via the endo- 
scope during elective esophagogastroduodenoscopy. Fresh 
samples were then prepared for the neutrophil chemotactic as- 
say with the use of human peripheral neutrophils in modified 
Boyden chambers. Mean maximum chemotactic activity was 
45.8% +11.2% in patients with gastric inflammation compared 
with only 10.1% + 4.2% in patients with normal results of endo- 
scopic examination. The chemotactic factors responsible for this 
chemotactic activity may play a role in the recruitment of neutro- 
phils to areas of gastric mucosal injury. 

(Arch Surg. 1990;125:454-456) 


astric inflammatory diseases such as peptic ulcer and 

gastritis are characterized by the infiltration of neutro- 
phils into the submucosa and mucosa itself. This histologic 
appearance has been recognized for decades but has recently 
gained new emphasis with the discovery that gastric lesions 
associated with Campylobacter pylori are accompanied by a 
marked infiltration of neutrophils.'* The exact mechanisms of 
recruitment of neutrophils to areas of gastric mucosal injury 
are unknown. 

We recently demonstrated the ability of rabbit gastric 
tissue to release neutrophil chemotactic factors (NCF) in 
vitro.* This led to the current pilot study, which was designed 
to evaluate human gastric secretions for the presence of 
neutrophil chemotactic activity. Chemotactic activity in gas- 
tric secretions of patients with mucosal diseases were com- 
pared with chemotactic activity in a control group. The levels 
of neutrophil chemotactic activity were then compared with 
the endoscopic impression and biopsy results when available. 


PATIENTS AND METHODS 
Experimental Design 


Gastric secretions were collected from random patients having 
elective outpatient endoscopy. The patients were then classified into 
the diseased group or the control (normal) group, depending on the 
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endoscopist’s impression. The endoscopic diagnoses included acute 
gastritis, gastric ulcer, duodenitis, duodenal ulcer, or normal. Sever- 
al other diagnoses, such as nodular gastritis and, in one case, Méné- 
trier’s disease, were made on the basis of histologic examination of 
biopsy specimens, Patients with upper gastrointestinal tract hemor- 
rhage or gastric malignant neoplasms were excluded to avoid detec- 
tion of inflammatory mediators associated with those conditions. The 
samples were then prepared and tested for neutrophil chemotactic 
activity as described below. 


Collection of Human Gastric Secretions 


Human gastric secretions were collected during elective gastric 
endoscopy. The fresh specimens were immediately centrifuged at 
1000 rpm for 10 minutes to eliminate cells and debris. All specimens 
were neutralized to a pH of 7.4 and diluted with Hank’s balanced salt 
solution (HBSS) to allow testing for neutrophil chemotactic activity of 
100%, 10%, 1%, and 0.1% dilutions. 


Isolation and Preparation of Human Neutrophils 


Human peripheral neutrophils were isolated from the blood of 
healthy volunteers as described previously.’ Briefly, 50 mL of blood 
was mixed with 100 mL of a 6% dextrose solution. After 30 minutes, 
the plasma was removed and centrifuged at 1000 rpm for 10 minutes. 
The pellet was resuspended in an erythrocyte lysing solution and 
centrifuged at 1000 rpm for 10 minutes. The pellet was then resus- 
pended in phosphate-buffered saline and layered in a Ficoll-Hypaque 
mix. This was centrifuged at 2000 rpm for 30 minutes. The top 
monolayer of lymphocytes was then removed, leaving a pellet of 
neutrophils. These cells were then counted and resuspended in 
HBSS. 


Chemotaxis Assay 


The serial dilutions of gastric secretions were assayed for neutro- 
phil chemotactic activity in modified Boyden chambers.’ Activated 
serum (C5a) was used as a positive control for 100% chemotaxis, and 
HBSS was used as a negative control. The test solution (gastric 
secretion or control) was placed in the bottom compartment of the 
chamber (volume, 150 L), and theneutrophil suspension was placed in 
the top compartment (volume, 235 L) (Fig 1). The top and bottom 
compartments were separated by an 8-~m micropore filter. At least 
three replicates were done of each chamber tested. 

The chambers were incubated at 37°C in a 5% carbon dioxide 
atmosphere for 1 hour to allow neutrophil migration through the 
filters. The filters were then collected, dried, stained with hematoxy- 
lin, and counted on an analyzer (Image; Optomax Corp, Burlington, 
Mass).° This allows the detection of neutrophil migration through the 
filter at 10-um increments of distance. The chemotactic index (CI) 
was then computed as follows: CI equals the distance traveled in the 
filter multiplied by the cell number. Data were then reported as 
percentage of maximum chemotaxis (+ SE): percentage of maximum 
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Fig 1.—Dilution curves of neutrophil chemotactic activity in gastric 
secretions of two patients with gastric inflammation (closed circles and 
triangles) and two patients having normal endoscopic examinations 
(open circles and triangles). The positive control was activated serum, 
and the negative control, Hank's balanced salt solution (HBSS). The 
arrowhead indicates the concentration of neutrophil chemotactic fac- 
tor at which activity dropped. 


chemotaxis = [(CIxp7 — Clypgs)/(Cliogq 
cates patient’s sample. | 


Analysis of Data 


The chemotactic activity in gastric secretions from the disease 
groups were compared with the chemotactic activity in gastric secre- 
tions from the control group by means of the Kruskal-Wallis test for 
nonparametric data. P<.05 was considered significant. 

Informed consent was obtained before endoscopy. This study was 
approved by the Institutional Review Board (Human Experimenta- 
tion Committee) of the Unibersity of Connecticut (Farmington) 
Health Center. 


Clusss)], where EXPT indi- 


RESULTS 


Twenty-two patients were included in the study. The con- 
trol group consisted of eight patients with normal results of 
esophagogastroduodeno opy, four of whom had antral biop- 
Sy specimens demonstrating normal gastric mucosa. Six pa- 
tients had duodenitis or duodenal ulcers on esophagogastro- 
duodenoscopy and had negative results of gastric examina- 
tion (duodenal abnormali dread group). Eight patients had gastric 
inflammation on esophagogastroduodenoscopy (gastric in- 
flammation group). 

Figure 1 demonstrates typical NCF activity curves for 
serial dilutions of gastric secretions in four patients. These 
curves reflect the well-recognized saturation kinetics for neu- 
trophil chemotaxis. As with any NCF, there is a concentra- 
tion allowing maximal ctivity. Beyond that concentration 
(ie, higher concentrations of N CF) the detectable activity will 
actually drop (note arrowhead in Fig 1). Because of these 
saturation kinetics and the fact that the rates of both gastric 
secretion and production of NCF in the stomach of a given 
patient are unknown, it is important to test serial dilutions in 
each patient. We used the 10:1 dilution data for each given 
patient (including controls) i in Fig 2. 
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Fig 2.—Neutrophil chemotactic activity in gastric secretions of three 
patient groups. Asterisk indicates P<.02 compared with control 
patients. 


The mean NCF activity in patients with gastric inflamma- 
tion (45.8% + 11.2%) far exceeded levels for control patients 
(10.1%+4.2%) and patients with duodenal inflammation 
(7.4% +3.8%) (Fig 2). 

Although the NCF in human gastric secretions has not yet 
been characterized, several traits are noted. Since the gastric 
pH of many of our patients was 1.5 to 4, the NCF is clearly 
stable in acid. In addition, we repeated many NCF assays 
after slow freezing to O°C and noted that approximately 60% 
of activity was lost. 


COMMENT 


Gastric inflammatory diseases such as gastritis and peptic 
ulcer are characterized by an infiltration of neutrophils into 
the submucosa and mucosa. This histologic picture has re- 
cently been reemphasized with the multiple reports concern- 
ing the pathologic features of C pylori-induced lesions.” 
Despite the predictable infiltration of neutrophils in gastric 
inflammatory diseases, the mechanism of recruitment of neu- 
trophils to areas of gastric mucosal injury has not been thor- 
oughly investigated. 

The signal compounds responsible for neutrophil migration 
are NCF's. Several classes of NCF's have been identified. The 
most thoroughly studied factors include the complement com- 
ponent C5a, immune cell-derived factors such as interleu- 
kin 1, the arachidonic acid derivative leukotriene B,, and the 
synthetic formyl-tripeptides, such as f-Met-Leu-Phe. The 
recent reports of receptor sites for these chemotactic factors 
on human neutrophils supports their importance in human 
inflammation in general."* 

Work from our laboratory has demonstrated the genera- 
tion of high-molecular-weight NCF from rabbit gastric tissue 
in vitro.* These factors are heat stable, are moderately sensi- 
tive to protease, have a molecular weight of greater than 
100 kd, and have isoelectric points at pH of 3.1 and 6.5. These 
findings have encouraged us to investigate human gastric 
secretions for the presence of NCF. 

This study was designed to detect neutrophil chemotactic 
activity in human gastric secretions. It allowed a comparison 
of chemotactic activity in secretions of patients with gastric 
mucosal diseases with activity in people with no identifiable 
gastric lesions. The data demonstrated significantly higher 
levels of neutrophil chemotactic activity in the gastric secre- 
tions of patients with mucosal diseases than in those of pa- 
tients with negative results of esophagogastroduodenoscopy. 
These results suggest a possible prognostic role for the NCF 
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assay in patients with gastric inflammation. The use of this 
assay as a prognostic tool is supported by studies of NCF 
activity in the bile of patients rejecting liver transplants.’ 
This study did not attempt to determine the source or struc- 
ture of the chemotactic molecules responsible for the high 
levels of activity detected. 

Three lines of evidence support a role for neutrophils in the 
production of gastric mucosal injury. First are the many 
reports of mucosal injury by oxygen-derived free radicals.” 
Neutrophils are a major source of these molecules and thus 
are likely candidates in causing such injury. Second is the 
demonstration of diminished gastric mucosal injury in neutro- 
phil-depleted rats by means of an ischemia-reperfusion mod- 
el.” Third is the in vitro demonstration that human neutrophil 
elastase degrades gastric mucin,” which is believed to play a 
role in mucosal protection.” In the context of these studies, 
the current project suggests a hypothetical model for the 


recruitment of neutrophils to areas of gastric injury. 

In summary, the role of neutrophils and the mechanism of 
their recruitment in gastrie inflammatory diseases are not 
well established. The results of this study demonstrated high 
levels of neutrophil chemotactic activity in the gastric secre- 
tions of patients with gastric inflammatory diseases. The 
future identification of the source and structure of the factors 
responsible for this chemotactic activity will enhance our ` 
understanding of the pathophysiologic characteristics of 
these disease states. In addition, this assay may provide a 
new clinical measure for the magnitude of gastric 
inflammation. 

This study was supported by a grant from the University of Connecticut 
Clinical Research Center. 


We would like to thank Joel Levine, MD, James Moore, MD, and Salam 
Zakko, MD, for allowing inclusion of their patients. 
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JAMA 
Doctors, Drug Companies, and Gifts 


Mary-Margaret Chren, MD; C. Seth Landefeld, MD; Thomas H. Murray, PhD 


Doctors often accept gifts from drug companies. We analyze this practice and conclude that accepting a 
gift has complex practical and ethical repercussions. Gifts cost patients money, and they may change society’s 
perception of the profession as serving the best interest of patients. Also, accepting a gift establishes a 


relationship between the physician and the drug company that obliges a response from the physician. 
Accepting gifts and the resulting relationship have ethical implications as well. First, the use of patients’ 
money to pay for gifts can be unjust. Second, the fiduciary relationship between physician and patient may 
be threatened if prescribing practices are affected (as intended by the drug company). Third, physicians’ 
characters may be altered by a practice that fosters self-interest at patients’ expense. We discuss the need 
for guidelines for the profession to help physicians promote their patients’ well-being (JAMA. 1989;262:3448- 


3451). 
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e Prostaglandins have been implicated in gastric mucosal 
cytoprotection. Vagotomy results in both cytoprotection and 
increased mucosal prostaglandin concentrations. However, the 
mechanism by which vagotomy affects prostaglandin genera- 
tion remains unknown. In this study we compared vagotomy with 
long-term acid suppression using anticholinergic (atropine sul- 
fate) or histamine,-receptor antagonism (cimetidine) and as- 
sessed mucosal injury and prostaglandin generation during 
graded stress. Vagotomy correlated with decreases in injury only 
in severe stress, while both atropine and cimetidine decreased 
injury also during moderate stress. Prostaglandin generation 
decreased in all groups during severe stress. Compared with 
sham operation, vagotomy, atropine, and cimetidine were all 
associated with increased mucosal prostaglandin generation in 
all stress periods. During severe stress, both atropine and cimeti- 
dine also evidenced higher prostaglandin generation than did 
vagotomy. These results suggest that vagotomy primarily de- 
creases acid secretion, which then secondarily results in in- 
creased mucosal generation. 

(Arch Surg. 1990;125:457-459) 


urgical sectioning of the vagus nerves has been associated 
with cytoprotection of the gastric mucosa in both experi- 
mental and clinical settings. ' It is also well known that vagoto- 
my results in an increase in the physiologic levels of mucosal 
prostaglandins.’* These compounds, metabolites of arachi- 
donic acid, possess multiple actions that can favorably affect 
mucosal functions related to cytoprotection.* It is not known, 
however, whether the mechanism by which vagal sectioning 
causes cytoprotection is a direct action on prostaglandin gen- 
eration or, rather, an indirect one via inhibition of gastric acid 
secretion. In fact, it is not known whether vagotomy cytopro- 
tection is at all a function of physiologic alterations in prosta- 
glandin generation. | 
Therefore, this study was conceived with several aims. 
First, we attempted to elucidate the effect of vagotomy simul- 
taneously on mucosal injury and prostaglandin generation. 
Second, by comparison of vagotomy with other, pharmacolog- 
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ic, methods of gastric acid suppression, it was expected that 
the relationship of prostaglandin generation to acid secretion 
could be better delineated. Finally, the results were expected 
to aid in defining a more complete understanding of the role of 
physiologic levels of mucosal prostaglandins in the cytopro- 
tective process. 


MATERIALS AND METHODS 


We used 128 Sprague-Dawley rats (250 g) in this study. All animals 
were treated in accordance with local institutional and national guide- 
lines for humane care. After a 24-hour solid-food fast, each animal was 
anesthetized with intraperitoneal ketamine hydrochloride and under- 
went celiotomy via a midline incision. At operation, the rats were 
divided into four equal groups to receive one of the following four 
procedures: (1) sham operation (controls); (2) total truncal vagotomy; 
(3) implantation of an atropine-containing osmotic pump; or (4) im- 
plantation of a cimetidine-containing osmotic pump. Each osmotic 
pump (Alza, Palo Alto, Calif) contained enough of the appropriate 
drug to last as a continuous infusion (rate, 8.5 L/h) for 10 days. 
Concentrations of each agent were adjusted to yield doses (atropine 
sulfate, 364.5 g/kg per day; cimetidine, 24 mg/kg per day) previously 
shown to suppress gastric secretion.*” Postoperatively, all animals 
were allowed a 7-day recovery period, during the last 48 hours of 
which solid food was withheld (water allowed ad libitum). Each of the 
four experimental groups was then subjected to cold-restraint stress 
(wrapped in wire mesh at 4°C) for 0, 1, 2, or 4 hours (n=8 rats for each 
period). At the conclusion of the stress period, each animal was killed 
by means of a carbon dioxide chamber. 

The stomach was removed, washed, and photographed from a 
standardized distance. Photographic slides were then projected at a 
distance of 90 cm, and the glandular mucosal ulcers were measured 
and graded by a blinded observer. A predetermined ulcer index based 
on an individual ulcer’s greatest diameter was used (grade 0, no 
ulcers; grade 1, 2-mm diameter; grade 2, 4-mm diameter; grade 3, 
6-mm diameter; and grade 4, 8-mm diameter). Index scores for the 
total number of ulcers per stomach were then added. 

Concomitantly, a biopsy specimen of corpus mucosa was surgically 
excised from the same predetermined geographic area in each animal. 
It was weighed and then incubated in 2 mL of 10-mmol/L phosphate- 
buffered saline (pH, 7.4) for 4 hours at 37°C to permit prostaglandin 
generation. The mucosal tissue was then removed from the incuba- 
tion medium and placed in 0.1-mol/L formic acid to halt prostaglandin 
synthesis. After this step, the tissue was sonically disrupted and 
underwent prostaglandin extraction by method described from this 
laboratory. Separation and quantitative analysis for specific prosta- 
glandins (prostaglandin I, [PGI,], measured as the stable analogue 
prostaglandin 6-keto-F,,, and prostaglandin E, [PGE,]) in each pair of 
tissue extract/incubation medium samples was then determined by 
high-performance liquid chromatographic analysis. Specific details 
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concerning the separation and quantitation process, along with data 
on extraction efficiency and reproducibility in this laboratory, have 
been published elsewhere.’ The prostaglandin content in each muco- 
sal sample and its accompanying medium was then added together 
and expressed as picograms of specific prostaglandin generated per 
milligram of wet mucosa. 

All statistical comparisons were carried out with Tukey’s Highly 
Significant Difference test at the P<.05 significance level. To control 
the overall comparison error rate for multiple hypothesis, the Bonfer- 
roni procedure was used. This procedure is extremely powerful, 
especially for testing a relatively small number of hypotheses. Fur- 
thermore, it avoids the commission of a type I error, which is preva- 
lent with the use of the Duncan Multiple Range Test. 


RESULTS 


All animals survived until planned killing. Results of injury 
assessment are presented in Table 1. Injury scores increased 
along with the duration of cold-resistant stress in each of the 
experimental groups. In the sham-operation and vagotomy 
groups, significant mucosal damage was evident initially be- 
tween 1 and 2 hours of cold restraint, whereas gross mucosal 
changes were not discernible in either pharmacologically 
treated group until 4 hours had elapsed. Vagotomy was asso- 
ciated with significant mucosal protection compared with the 
sham-operation control group only at 4 hours of stress. Final- 
ly, injury scores were significantly lower in both the atropine- 
and cimetidine-treated animals, at all stress periods, than 
those seen in either the sham-operation or vagotomy groups. 

Results of mucosal prostaglandin-generating capacities for 
PGI, (expressed as prostaglandin 6-keto-F,,) and PGE, are 
presented in Tables 2 and 3, respectively. Severe cold-resis- 
tant stress (4 hours) was associated with significant decreases 
in PGI, generation in both the sham-operation control and 
vagotomy groups. In contrast, neither atropine- nor cimeti- 
dine-treated rats evidenced any change in PGI, generation 
relative to stress duration. With the exception of the 2-hour 
stress atropine group, each perturbation (vagotomy, atro- 
pine, or cimetidine) was associated with significantly greater 
mucosal generating capacity at every duration of cold re- 
straint than was seen in the matched sham-operation con- 
trols. Additionally, at 4 hours of stress, both drug-infused 
groups had significantly increased PGI, generation over that 
seen in the vagotomy groups. 

The results seen for PGE, generation (Table 3) generally 
paralleled those for PGI,. Both moderate and prolonged peri- 
ods of cold restraint (2 and 4 hours) were associated with 
significant decreases in PGE, generation within each of the 
four experimental groups. Moreover, the 4-hour duration of 
stress also evidenced significant lowering of PGE, generation 
from the levels seen at 2 hours. Also, vagotomy, atropine, and 
cimetidine all were associated with significantly greater 
PGE, generation than was seen in the sham-operation con- 
trols at every duration of stress. Both atropine and cimetidine 
treatments were associated at 4 hours of stress with signifi- 
cantly greater PGE, generation than that seen in the vagoto- 
my-treated rats. Finally, for both PGI, and PGE, generation, 
no differences could be discerned between the atropine and 
cimetidine treatments during any period of cold-restraint 
stress. 


COMMENT 


Prostaglandins, with their probable paracrine mode of ac- 
tion, have been implicated as primary endogenous agents in 
cytoprotection of upper gastrointestinal tract mucosa.” Sev- 
eral factors favor such a hypothesis. First, the gastric mucosa 
contains an abundance of PGI, and PGE,, the two prostaglan- 
dins especially linked to cytoprotection."*” Second is the fact 
that these compounds have been demonstrated to possess 
properties that correlate with experimentally proved muco- 
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Table 1.—Glandular Mucosal Injury Scores* 


Mean + SEM Score by 
Duration of Cold-Restraint Stress, min 
0 60 120 240 
0.0+0.0 08+0.7 56+0.7T 27.32+3.1T 
0.0+0.0 04+03 55+06t 109+0.9T 
0.0+0.0 0.0+0.0 0.0+0.0F§ 1.7 +0.4tł}§ 
0.0+0.0 00+0.0 0.0+0.0ł§ 3.2 +0.8tł}§ 


*There were eight animals per stress period in each treatment group. 
tP<.05 vs time 0 minutes within group. 

+P<.05 vs sham operation, same period. 

§P<.05 vs vagotomy, same period. 


Table 2.—Prostaglandin |, Generation* 


Mean + SEM Prostaglandin |, Generation, 
pg/mg x 10-', by 
Duration of Cold-Restraint Stress, min 


Sham operation 


Vagotomy 
Atropine sulfate 
Cimetidine 












0 60 120 240 
Sham operation 58+1 57+1 55+ 1 26+ 1T 


Vagotomy 69+1¢ 68 + 2t 65 + 2t 31+1Tt 


Atropine sulfate 67 +2t 65+ 1} 55+2 60 + 3¢§ 


Cimetidine 64+ 3t 66+ 1t 59+1ft 58 + 2t§ 


*Measured as prostaglandin 6 keto-F,,. There were eight animals per stress 
period for each group. 

tP<.05 vs time 0 minutes within group. 

+P<.05 vs sham operation, same period. 

§P<.05 vs vagotomy, same period. 


Table 3.—Prostaglandin E, Generation* 


Mean + SEM Prostaglandin E, Generation, 
pg/mg x 10-', by 
Duration of Cold-Restraint Stress, min 















0 60 120 240 
Sham operation 70+1 69+2 55+ 1f 25+ 1tt 


Vagotomy 87+1§ 80+1§ 61+2t§ 42+1Tt§ 
Atropine sulfate 77+1§ 76+1§ 67+2T§ 53 + 2T#§|| 
Cimetidine 74+2§ 74+1§ 65+3T§ 55 + 4Tt§|| 








*There were eight animals per stress period for each group. 
+P<.05 vs time 0 minutes within group. 

+P<.05 vs time 120 minutes within group. 

§P<.05 vs sham operation, same period. 

||P<.05 vs vagotomy, same period. 


sal protection.” These properties include, among others, the 
ability to increase bicarbonate and mucus production, muco- 
sal blood flow, and high-energy compounds within gastric 
lining cells while decreasing gastric acid secretion. Since each 
of these actions directly affects a mechanism postulated to be 
involved in the genesis of mucosal injury, it is not difficult to 
imagine the interest with which such endogenous compounds 
were and are still viewed. 

Unfortunately, most of the experiments performed to de- 
lineate the role of prostaglandins in cytoprotection have used 
pharmacologic doses of the compounds. This is because the 
routine measurements of endogenous, physiologic levels of 
prostaglandins were both difficult and cumbersome, requir- 
ing separate assays for each compound, with some degree of 
overlap being unavoidable. The use of high-performance liq- 
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uid chromatographic methods has allowed measurement of 
several prostaglandins at one time on the column and thus 
makes physiologic experimentation more available.”’ 

The object of this study was therefore to define better the 
cytoprotective role of rostaglandins within physiologic 





herein, it was demonstrated that pt necro is associ- 
ated with both cytoprotection against stress mucosal injury 
and physiologic increases in mucosal prostaglandins—re- 
tained its cytoprotective ability even when prostaglandin 
generation was virtually halted by indomethacin pretreat- 
ment. These results led to a new question: Was vagotomy’s 
influence on both prostaglandin generation and cytoprotec- 


effect or, rather, were both out- 
comes secondary to acid inhibition? Therefore, two disparate 
methods of pharmacologic acid suppression were chosen to 
compare with surgical vagotomy (and sham-operation con- 
trols) for effects on both mucosal protection and prostaglan- 
din generation. 

We also chose to incubate the mucosal specimens and report 
both the prostaglandin tissue content and incubation medium 
concentration. This total reflects the functional capability of 
tissue rather than a simple measurement in time. Since pros- 
taglandins are synthesized, carry out their functions, and are 
then metabolized within a circumscribed local area, a tissue 
level at a given point in time might be misleading. 

The results of the study demonstrate that, while vagotomy 
is associated with significant cytoprotection, it does not pre- 
vent the initiation of such injury to the same level as that seen 
in sham-operation controls at 2 hours. Such initiation occurs 
even in the face of a physiologically elevated generation of 


tion a result of a prim 


mucosal prostaglandins. While this increased generation can 
effect an amelioration of injury severity in more prolonged 
stress (4 hours), it seems divorced from the steps that cause 
the disruptive process to begin. 

Atropine and cimetidine caused both a better sustained 
prostaglandin generation capacity and more complete cyto- 
protection than was seen with vagotomy. Since these drugs 
have differing mechanisms of action (atropine, anticholiner- 
gic; cimetidine, histamine,-receptor antagonism), it is diffi- 
cult to postulate that each had a primary effect on prostaglan- 
din generation. Rather, it would be more reasonable to argue 
that all three perturbations— vagotomy, atropine, and cime- 
tidine—acted to decrease the luminal secretion of gastric 
acid. Then, secondarily, this lack of luminal acid (possibly 
increased pH) allowed maintenance of prostaglandin genera- 
tion within the mucosa. 

The question remains why, if all three treatments affect 
prostaglandin generation by similar secondary mechanisms, 
surgical vagotomy does not elicit changes of the same magni- 
tude as that seen with atropine and cimetidine. The answer 
probably lies in the level of acid inhibition referable to each 
perturbation. The doses of both drugs that were infused have 
been shown to abolish almost all acid secretion.*” If the surgi- 
cal vagotomy could not elicit such a complete acid suppres- 
sion, then, if this interpretation is correct, less of an effect on 
both prostaglandin generation and cytoprotection would be 
expected. Continued experimentation, with addition of exog- 
enous acid to the gastric lumen in animals prepared as in this 
study, would no doubt help to refine these findings further. 


This work was supported in part by the Veterans Administration Medical 
Research Service. 
The technical assistance of Curtis Palm is gratefully acknowledged. 
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Changes in Gallbladder Volume 


Do Not Affect Cystic 
Duct Resistance 


Kenneth W. Sharp, MD; Charles B. Ross, MD; Vicki N. Tillman; Lester F. Williams, Jr, MD 


è To our knowledge, the relationship between gallbladder vol- 
ume and cystic duct function has not been studied. We hypothe- 
sized that changes in gallbladder volume would influence cystic 
duct resistance. The effect of gallbladder volume changes on 
cystic duct resistance to both prograde (emptying) and retro- 
grade (filling) steady-state flow was tested in 12 dogs under basal 
cholecystokinin-stimulated conditions utilizing a multiport cath- 
eter with a highly compliant balloon placed within the gallbladder 
fundus. Gallbladder volume was regulated by varying balloon 
volume from empty to just beyond physiologic distention. Cystic 
duct resistance was not affected by balloon volume under basal 
or stimulated conditions or by the direction of perfusate flow. 
This study demonstrated no relationship between gallbladder 
volume and cystic duct resistance and did not demonstrate a 
cystic duct sphincter mechanism at physiologic gallbladder 
volumes. 

(Arch Surg. 1990;125:460-462) 


allbladder volume is variable and altered by many condi- 

tions, including long-term total parenteral nutrition, va- 
gotomy, and pregnancy.’ The thin smooth-muscle layer of the 
cystic duct is continuous with gallbladder smooth muscle, and 
cystic duct muscle responds to various physiologic and phar- 
macologic stimuli in the same manner as the smooth muscle of 
the gallbladder, thus implying that the cystic duct may have 
sphincteric properties.’ Alterations in cystic duct resistance 
have been implicated in the pathogenesis of gallstones.** To 
our knowledge, the relationship between gallbladder volume 
and cystic duct function has not been previously investigated, 
even though gallbladder distention is a frequent early mani- 
festation of biliary dysfunction in conditions associated with a 
high incidence of cholelithiasis. We hypothesized that 
changes in gallbladder volume resulting in passive distention 
of gallbladder smooth muscle would be imparted to the cystic 
duct; by the following experiments, we sought to determine 
the specific effect that passive distention or stretch of gall- 
bladder smooth muscle would have on cystic duct resistance. 
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MATERIALS AND METHODS 


Adult mongrel dogs of either sex (average weight, 19 kg) were 
made to fast 16 hours before study. Anesthesia was induced with 
intravenous pentobarbital sodium, 30 mg/kg, and the dogs were 
endotracheally intubated. Blood pressure was measured continuous- 
ly via a femoral arterial catheter connected to a pressure transducer 
and recorded on an eight-channel polygraph. Urine output was moni- 
tored hourly via a suprapubic catheter. Anesthesia was maintained 
by small intravenous pulses of pentobarbital as needed. Lactated 
Ringer’s solution was infused for hydration at a rate necessary to 
maintain urine output between 0.5 and 1 mL/kg per hour. Body 
temperature was continuously monitored via rectal probe and was 
maintained by use of warming lights and blankets. The operative 
protocol was approved and experiments were monitored by the Nash- 
ville (Tenn) Veterans Administration Medical Center Animal Care 
Committee under the guidelines of the American Association for the 
Accreditation of Laboratory Animal Care. 

The gallbladder and biliary tree were exposed through a right- 
sided subcostal incision. Basal volume of the gallbladder was deter- 
mined by aspiration. A multiport catheter with a highly compliant 
2.5-em balloon attached near its tip was positioned within the gall- 
bladder fundus. The tip of the catheter was positioned at the gallblad- 
der neck-cystic duct junction. Separate catheter ports allowed perfu- 
sion of the cystic duct, pressure measurement at the opening of the 
cystic duct, and access to the balloon for volume changes (Fig 1). The 
anterior wall of the distal common bile duct was incised and the duct 
cannulated with an 8F catheter allowing continuous drainage of 
perfusate, which was measured at all times to ensure steady-state 
flow. This exposure also allowed access to the gastric antrum, which 
was intubated and continuously drained during the course of the 
experiments to prevent any effect of antral distention on the biliary 
tract. 


Prograde Cystic Duct Perfusion 


In six dogs, the gallbladder was perfused with warm lactated 
Ringer's solution at 3.82 mL/min using a pump. This flow rate was 
selected based on preliminary experiments in which steady-state 
flow could not be consistently obtained with slower rates of perfusion. 
Pressure within the gallbladder was measured through the catheter 
port positioned at the opening of the cystic duct connected to a 
pressure transducer and recorded on the polygraph. Perfusate drain- 
age from the common bile duct was continuously measured. The 
cystic duct was perfused for 30 minutes before starting the experi- 
ments to achieve steady-state flow. Perfusion pressure was then 
measured at balloon volumes of 0%, 40%, 60%, and 80% of the basal 
gallbladder volume at steady-state flow under unstimulated condi- 
tions. The gallbladder was allowed to rest for 20 minutes. The experi- 
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Surgical Preparation 


— Polygraph 





Fig 1.— Experimental model for variable distention of the gallbladder 
with simultaneous measurement of cystic duct resistance. 
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Cystic Duct Resistance, 10° Dyne — s/cm5 


% Basal Volume, Mean + SEM 
OOO 


0 40 60 80 


Prograde flow (n=6) 
Basal 0.40+0.10 0.47+0.12 


Stimulated* 2.26+0.26 1.91+0.32 


0.52+0.16 
1.95+0.40 


0.73+0.23 
2.18+0.51 


Retrograde flow (n =6) | 
Basal 0.74+0.18 0.74+0.17 


0.88 + 0.28 
Stimulated* 1.77 +0.31 2.00+0.31 1.92+0.29 1.94+0.37 


*Cystic duct resistance was significantly greater under cholecystokinin 
octapeptide—stimulated conditions at all balloon volumes and both directions 
of flow (P<.001). Pathophysiologic distention of the gallbladder was observed 
at balloon volumes of 80% basal volume. 


ment was then repeated under conditions of gallbladder stimulation 
using a constant intravenous infusion of cholecystokinin octapeptide 
(CCKOP) at 10 ng/kg per minute. 

Balloon volumes of 40%, 60%, and 80% of basal gallbladder volume 
did not correlate exactly with normal gallbladder dimensions since 
the balloon did not exactly conform to the structure of each gallblad- 
der. At 60% of basal volume, the gallbladder appeared to have the 
same degree of distention that it had in the fasted state before 
aspiration, whereas at 80%, the gallbladder was tightly distended. 
This end point was thought to represent pathophysiologic distention 
of the gallbladder. We did not proceed with further trials at 100% or 
greater basal volume because we observed the rapid development of 
gallbladder wall edema and decreased response to cholecystokinin 
(CCK) in preliminary experiments in which gallbladders were ex- 
posed to such severe distention. The development of gallbladder 
edema was problematic even using trials of limited passive distention 
and thus prevented us from using dogs as their own controls to 
evaluate differences in cystic duct resistance to prograde (emptying) 
vs retrograde (filling) flow. 


Retrograde Cystic Duct Perfusion 


In six dogs, the common bile duct catheter was connected via a Y- 
connector to a pump and to a pressure transducer to measure perfu- 
sion pressure, which was recorded on the polygraph. The inherent 
resistance caused by this simultaneous perfusion and pressure mea- 
surement system was measured and subtracted from the total value, 
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Cystic Duct Resistance, 10° Dyne-s/cm* 





0 20 40 60 80 100 


% Fasting Gallbladder Volume 
Fig 2.—Comparison of cystic duct resistance with prograde (empty- 


ing) and retrograde (filling) flow under basal and cholecystokinin 
octapeptide (CCKOP)-stimulated conditions. 


resulting in net measurement of cystic duct resistance. The duct was 
perfused at 3.82 mL/min. The common hepatic duct was occluded 
during perfusion trials. Catheter ports within the gallbladder were 
opened and allowed continuous drainage and measurement of perfu- 
sate. Measurement of retrograde cystic duct perfusion pressure with 
the gallbladder balloon at 0%, 40%, 60%, and 80% of basal gallbladder 
volume under unstimulated and stimulated conditions was then con- 
ducted as described above. 

Cystic duct resistance was calculated by the equation R= P/F, 
where R is resistance, P is perfusion pressure, and F is flow. 


Statistical Methods 


Statistical analysis was performed by univariate analysis of vari- 
ance for repeated measures. All data are expressed as mean+SEM, 
with P<.05 considered significant. 


RESULTS 


Mean basal (fasting) gallbladder volume was 27.5 mL for 
the six dogs in the prograde perfusion group and 23.3 mL for 
the six dogs in the retrograde perfusion group. Basal cystic 
duct resistance and CCKOP-stimulated cystic duct resistance 
did not change significantly for any balloon volume (P = .534). 
Cystic duct resistance under CCKOP-stimulated conditions 
was significantly greater than basal cystic duct resistance at 
all balloon volumes and both flow directions (P<.001). Grant- 
ing the limitation that dogs could not be used as their own 
internal controls, cystic duct resistance under both basal and 
CCKOP-stimulated conditions did not appear to be influenced 
by the direction of perfusate flow (P=.850; Table). These 
data are illustrated in Fig 2. 


COMMENT 


Gallbladder and biliary motility have gained increased im- 
portance in understanding the pathogenesis of gallstones. 
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Supersaturation of hepatic bile is necessary for gallstone 
formation; however, studies demonstrating the presence of 
supersaturated bile in normal subjects without gallstones 
have drawn attention to the contributing lithogenic role of 
incomplete gallbladder emptying or “stasis.” The cystic duct 
appears to be more than a passive conduit for the transport of 
bile to and from the gallbladder because it possesses unique 
responses to various physiologic and pharmacologic sti- 
muli.*** Some investigators have demonstrated increased 
cystic duct resistance before gallstone formation in the prairie 
dog cholesterol gallstone model and have speculated that such 
changes could initiate gallbladder stasis and cholelithiasis.**”” 

A variety of substances such as acetylcholine, CCK, and 
histamine have been shown to cause contraction of the cystic 
duct and increased cystic duct resistance,”” but no previous 
studies have investigated the relationship between gallblad- 
der volume and cystic duct resistance. In earlier investiga- 
tions, the gallbladder had either been excised from the cystic 
duct® or ligated at the cystic duct-gallbladder junction,” or 
perfusion had been directed through the gallbladder into the 
cystic duct without direct, precise control of gallbladder vol- 
ume.**"° The smooth-muscle layer of the cystic duct, however, 
is a direct continuation of the gallbladder muscularis. 
Changes in gallbladder volume, especially gallbladder disten- 
tion, might therefore be expected to exert a direct, mechani- 
cal effect on the conformation of the cystic duct and influence 
cystic duct resistance. However, data from the present study 
indicate that cystic duct resistance in a flaccid, nondistended 
gallbladder is no different from that in a highly distended 
gallbladder, suggesting that passive stretch applied to gall- 
bladder smooth muscle does not affect cystic duct smooth- 
muscle properties. Although ours is an acute experimental 
model, it is the first to address the relationship between 
gallbladder volume and cystic duct function. 

Progressive passive distention of the gallbladder under 
both basal and CCK-stimulated conditions had no significant 
effect on cystic duct resistance to either prograde (emptying) 
or retrograde (filling) flow in this acute experimental model. 
Our results do not demonstrate a difference in cystic duct 
resistance caused by the direction of flow, which is consistent 
with the findings of others.* This implies that filling of the 
gallbladder after contraction is not regulated by a cystic duct 
sphincter at physiologic gallbladder volumes. 

Cholecystokinin causes contraction of the gallbladder as 


well as the cystic duct smooth muscle.*” Our results confirm 
the findings of others. The cystic duct responded to a constant 
infusion of CCKOP by contraction, which significantly in- 
creased cystic duct resistance. This seems counterproductive 
to the known function of CCK as the primary stimulant for 
gallbladder emptying. One must speculate that the force of 
gallbladder contraction simply overpowers the cystic duct in 

the usual physiologic circumstance. 

Local pressure-volume relationships appear to be impor- 
tant in the homeostatic regulation of the biliary tract as a 
whole. Muller and associates” have demonstrated a “chole- 
cysto-sphincteric” reflex in the prairie dog, in which sphincter 
of Oddi phasic wave frequency and amplitude are greater 
when the gallbladder is full rather than empty. This reflex 
appeared to be mediated through the celiac ganglion. Thune 
et al” demonstrated reflex regulation of flow resistance in the 
feline sphincter of Oddi by hydrostatic pressure in the biliary 
tract. They showed that resistance to flow across the sphinc- 
ter of Oddi was reduced when hydrostatic pressure within the 
gallbladder and/or proximal bile ducts was increased and that 
the reflex could be totally ablated by the infiltration of local 
anesthetic at the cystic duet-common bile duct junction, indi- 
cating that the reflex was mediated by inhibitory nerves 
running along the common bile duct. Our data suggest that a 
similar reflex does not exist between the gallbladder and 
cystic duct, implying that the cystic duct acts more as a 
component of the gallbladder proper as opposed to an inde- 
pendent sphincter. 

The anatomic relationship between the smooth-muscle lay- 
ers of the gallbladder and cystic duct would suggest that 
passive distention of the gallbladder could exert a biomechan- 
ical effect on the cystic duct, yet we have demonstrated that 
passive distention of the gallbladder does not influence cystic 
duct resistance in this acute experimental canine model. Cys- 
tic duct resistance and the so-called cystic duct sphincteric 
mechanism are poorly understood with respect to their re- 
sponse to hormonal and mechanical stimulation. There is no 
conclusive evidence that it plays a role in the regulation of 
gallbladder emptying or filling. 


This work was supported by a grant from the Veterans Administration 
Research Advisory Group. 

We are indebted to the research staff of the Nashville Veterans Administra- 
tion Medical Center for their support and assistance. 
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Pancreaticoduodenectomy 


University Experience and Resident Education 


Ralph J. Doerr, MD; Ilhan Yildiz, MD; Lewis M. Flint, MD 


è A radical pancreaticoduodenectomy offers the best chance 
for survival in patients with periampullary and pancreatic malig- 
nant neoplasms. A pancreaticoduodenectomy has educational 
value since complex pancreatic operations are demanding and 
important to the training of surgical residents. Increased pan- 
creaticoduodenectomy experience (per surgeon) has been asso- 
ciated with improved outcomes. We examined the hypothesis 
that residents who are supervised by faculty surgeons can per- 
form pancreaticoduodenectomies with acceptable outcomes. 
From 1976 to 1987, 127 pancreatic resections were performed by 
81 residents who were supervised by 15 faculty surgeons in four 
teaching hospitals. A pancreaticoduodenectomy was performed 
on 61 patients. All residents served as an operating surgeon on a 
pancreatic resection, and 58 (82%) performed pancreaticoduo- 
denectomies. The mortality for the pancreaticoduodenectomies 
was 8%, with a 36% major complication rate. A pancreaticoduo- 
denectomy can be performed safely by residents under supervi- 
sion. A review of the results identifies the means of improving 
outcomes. These results justify the preservation of a pancreati- 
coduodenectomy as an important experience for residents. 

(Arch Surg. 1990;125:463-465) 


I n the 54 years since the first successful Whipple procedure, 
the operation has undergone significant modification and 
varying popularity. While it was designed primarily as an en 
bloc radical cancer procedure for tumors in the juxta-ampul- 
lary region, it also has served well for certain chronic benign 
conditions and devastating trauma. There has been a signifi- 
cant improvement in the morbidity and mortality rate with 
pancreaticoduodenectomies in the last 15 years.’* Crist et al‘ 
reported an operative mortality of 2% and observed a positive 
relationship between surgeon experience and outcome; they 
suggested that pancreaticoduodenectomies be concentrated 
in a few specialized centers with a high volume of cases. 
Concurrently, the American Board of Surgery has made spe- 
cific recommendations for caseload volumes that constitute an 
adequate operative experience for surgical residents. The 
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normative standards that concern “complex operations” have 
been drafted. 

We have reviewed the last 10-year experience with the 
Whipple procedure in the four adult teaching hospitals of the 
State University of New York, Buffalo, to assess the results 
of this operation and the value of this procedure as an educa- 
tional asset. 


PATIENTS, MATERIALS, AND METHODS 


During the 10-year period ending December 31, 1986, 127 patients 
underwent a pancreatic resection at the four major adult teaching 
hospitals of the State University of New York, Buffalo: the Erie 
County Medical Center, the Buffalo General Hospital, the Roswell 
Park Memorial Institute, and the Buffalo Veterans Administration 
Medical Center. Sixty-one radical pancreaticoduodenectomies were 
performed during this time. Of these 61 resected cases, 52 were 
available for extended follow-up (range, 37 weeks to more than 10 
years). 

For each patient, the following factors were examined: age, sex, 
operative indications, symptoms, physical findings, concomitant 
medical illnesses, special diagnostic studies, and laboratory data. The 
following factors were also recorded: the type of operation per- 
formed, whether a preoperative biopsy or biliary decompression had 
been performed, and intraoperative blood loss. Finally, the operative 
mortality, complications, hospitalization, and nodal and margin sta- 
tus were examined. The attending surgeons and resident surgeons 
were identified for all cases. The proportion of residents who served 
as an operating surgeon was ascertained, and the results were ana- 
lyzed critically to detect potentially preventable mortalilty and 
morbidity. 


Preoperative Data 


Of the 61 patients, 44 were male, and 17 were female. The median 
age was 64 years, with a range of 20 to 76 years. The presenting 
symptoms were most commonly jaundice (72%) and weight loss 
(68%). Forty percent of the patients (n=24) presented with pain. 
Pruritus, a bowel pattern change, a palpable mass, or nausea and 
vomiting accounted for less than 20% (n=11) each. A significant 
concomitant medical illness was seen in 44% of the patients (n = 26) 
(Table 1). In the preoperative investigation, the number of special 
diagnostic examinations included upper endoscopy (n = 41), angiogra- 
phy (n= 34), ultrasound (n= 28), computed tomography (n= 25), en- 
doscopic retrograde cholangiopancreatography (n=23), upper gas- 
trointestinal tract series (n=22), and percutaneous transhepatic 
cholangiography (n=17). The mean values at presentation were as 
follows: bilirubin, 25 mol/L; albumin, 37 g/L; and prothrombin time, 
11.6 seconds. A preoperative biliary decompression was performed in 
9 patients (15%). A biopsy specimen was obtained before operation in 
24 patients (39%). 
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Table 1.—Conditions at Presentation 
for Pancreatic Resection 


No. (%) 
of Patients 


Presenting symptom 
Jaundice 
Weight loss 


44 (72) 
41 (68) 


Pain 24 (40) 


Pruritus 6 (10) 
Change in bowel habit 6 (10) 
Palpable mass 2 (4) 
Nausea/vomiting 2 (4) 
Concomitant medical illness 26 (44) 
Lung disease 13 (21) 
Ischemic heart disease 11 (18) 
Congestive heart failure 3 (5) 
Hypertension 4 (7) 
Diabetes mellitus 4 (7) 








Table 2.—Complications Following RPD* 
No. (%) 
of Patients 











Perioperative complication rate 22 (36) 

Complications 
Major hemorrhage (>1000 mL intraoperative) 6 (9.6) 
Anastomotic leak 4 (6.5) 
Sepsis 4 (6.5) 
intra-abdominal abscess 4 (6.5) 
Pancreatic fistula 2 (3.3) 
Bowel obstruction 2 (3.3) 
Delayed gastric emptying 2 (3.3) 
Wound infection (1.6) 
Pneumothorax (1.6) 
Brittle diabetes (1.6) 
Enterocutaneous fistula (1.6) 


Hepatic necrosis 
Congestive heart failure 
Gastrointestinal hemorrhage 
Necrotizing fasciitis 


ee ee 
-_ 
— 
_— 


*RPD indicates radical pancreaticoduodenectomy. 


Operative and Postoperative Course 


The indication for an operation was malignant neoplasm in 82% of 
the patients (n = 50), with carcinoma of the head of the pancreas found 
in 27 patients and periampullary tumors found in 21 patients. One 
instance each of colonic and gastric cancer, necessitating a Whipple 
procedure, completed the 50 malignant cases. Of the 11 cases (18%) of 
a pancreaticoduodenectomy performed for benign disease, chronic 
pancreatitis (13%) was the most common indication. A pancreatic 
head cystadenoma, one periampullary adenoma, and a common bile 
duct stricture accounted for the other 3 benign conditions in this 
series. 

Fifty-six patients (92%) underwent a radical pancreaticoduodenec- 
tomy. In 3 patients (5%), the operation was expanded to a total 
pancreatectomy. There was one instance each of a colectomy and a 
subtotal gastrectomy accompanying the Whipple procedure. A va- 
gotomy was performed in 11 cases (18%). Only 4 patients (6.5%) had a 
pylorus preservation. An intraoperative biopsy was performed in 23 
patients (37%). There were no false positives; however, there was a 
17% false-negative rate with these biopsies. The operative blood loss 
averaged 2278 mL; the range was from 400 mL to a maximum of 
10 150 mL. 


RESULTS 
Mortality and Complications 


The overall operative mortality for a radical pancreatico- 
duodenectomy in this patient population was 8%. There were 
four deaths following the Whipple procedures that were un- 
dertaken for malignant disease and one death with a benign 
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Probability of Survival 





0 1 2 3 4 5 6 


Years 


Five-year survival of all patients (n = 61) (closed squares) who under- 
went a radical pancreaticoduodenectomy. Closed triangles indicate 
malignant cases (n = 50); open squares, benign cases (n= 11); open 
triangles, cases of carcinoma of the head of the pancreas (n = 27); and 
open circles, cases of periampullary tumors (n= 21). 


diagnosis. The cause of death was intraoperative hemorrhage 
in two cases, anastomotic leaks in two cases, and one instance 
of sepsis and hepatic necrosis. 

The perioperative complication rate was 36% (Table 2). The 
most common complication was major intraoperative hemor- 
rhage (9.6%), defined as greater than 1000 mL. Anastomotic 
leaks, sepsis, and intra-abdominal abscesses each contributed 
6.5% (Table 2). A pancreatic fistula, bowel obstruction, and 
delayed gastric emptying were seen in 3.3% of the cases. The 
deaths and complications from excessive intraoperative 
bleeding were deemed to be preventable. The list of complica- 
tions is outlined in Table 2. The probability of 5-year survival 
for all patients undergoing pancreaticoduodenectomy is 
shown in the Figure. 


Resident Education 


During the study period, 81 residents were graduated. All 
residents performed at least one pancreatic resection during 
training. Supervision was provided by 15 faculty surgeons in 
the four teaching hospitals. Fifty-five residents performed 
one pancreaticoduodenectomy, and 3 residents performed 
two pancreaticoduodenectomies during their training. There 
was no identifiable difference in the operative blood loss, 
complications, or survival when attending surgeons, resi- 
dents, or hospitals were compared. 


COMMENT 


A radical pancreaticoduodenectomy is considered to be one 
of the most demanding of intra-abdominal operations. The 
dissection requires judgment and skill, and the three anasto- 
moses, particularly the pancreaticointestinal, challenge even 
the most senior surgeon. While the vast majority of Whipple 
procedures are performed for the periampullary carcinomas 
and cancer of the head of the pancreas, there are a number of 
other pancreatic and duodenal lesions, including devastating 
injury, that require this operation. A comprehensive review 
of pancreatic cancer noted the national mortality rate to be 
approximately 20% following a pancreaticoduodenectomy.’ 
The range was from 10% in the best of institutions to more 
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than 50%. Four recent studies have documented a further 
improvement in morbidity and mortality from 26% to 36% and 
from 1.1% to 4.1%, respectively, for the period from 1972 to 
1986.***" Crist et al‘ attributed this decrease to fewer sur- 
geons performing more Whipple procedures, faster and with 
less blood loss. These data have led to the suggestion to 
concentrate all of the most technically difficult procedures in a 
. few centers of excellence. Available resources for the man- 

agement of critically ill persons, low morbidity and mortality 
rates, and optimization of a disease-free interval are cited as 
the rationale for this concentration. Presently, the Residency 
Review Committee, in collaboration with the American 
Board of Surgery, has proposed the establishment of norma- 
tive standards for a minimal acceptable operative experience 
during a surgical residency. The recommendation for pancre- 
atic surgery is the performance of two major pancreatic 
resections. 

Pancreatic cancer continues to increase in incidence, with 
2700 new cases yearly.’ It is second only to colorectal cancer in 
malignant neoplasms of the digestive organs. While the cure 
rate remains exceedingly low, surgery remains the treatment 
with the best potential, at present, for long-term survival. 
While most patients with pancreatic cancer are not candi- 
dates for curative surgery, with a better preoperative diag- 
nostic evaluation, the resectability rate can be significantly 
improved. Warshaw et alf suggested that a preoperative 
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laparoscopy may further refine staging and resectability. 

In our study, the presenting patient profile of jaundice, 
weight loss, and a paucity of other signs is consistent with 
other large series.™” No preoperative laboratory examination 
or special diagnostic test was predictive of a more or less 
favorable outcome. Previously identified statistically signifi- 
cant poor prognostic factors (ie, age, >51 years; serum biliru- 
bin value, >102 pmol/L; aspartate aminotransferase value, 
>100 U/L; and a previous drainage procedure’) were not 
found to impact on perioperative morbidity, mortality, or 5- 
year survival in this study. The perioperative mortality of 
8.2% and the overall complication rate of 36% both compared 
favorably with findings in the established literature.** No 
difference in morbidity or mortality was identified for the two 
periods from 1976 to 1981 and from 1981 to 1987. 

The data from our study indicate that a radical pancreatico- 
duodenectomy can be performed safely by residents under 
supervision. It is possible, from a meticulous review of re- 
sults, to identify the causes of technical failures (eg, excessive 
intraoperative bleeding) and to consider the means of improv- 
ing outcomes. Finally, in a time when pancreatic carcinoma 
continues to increase, these results justify the preservation of 
a radical pancreaticoduodenectomy as an important experi- 
ence for resident instruction in surgical training programs, as 
long as documented evidence of optimum patient safety based 
on analysis of outcomes is available. 


References 


creased morbidity and mortality after pancreaticoduodenectomy. Am J Surg. 
1986;151:141-149. ; 

8. Warshaw AL, Tepper JE, Shipley WU. Laparoscopy in the staging and 
planning of therapy for pancreatic cancer. Am J Surg. 1986;151:76-80. 

9. Connolly MM, Dawson PJ, Michelassi F, Moosa AR, Lowenstein F. 
Survival on 1001 patients with carcinoma of the pancreas. Ann Surg. 
1987;206:366-373. 

10. Matsuno S, Sato T. Surgical treatment for carcinoma of the pancreas. 
Surgery. 1986;152:499-504. 

11. Cohen JR, Kuchta N, Geller N, Shires T, Dineen P. Pancreaticoduoden- 
ectomy: a 40-year experience. Ann Surg. 1982;195:608-617. 

12. Herter FF, Cooperman AM, Ablborn TN, Antinori C. Surgical experi- 
ence with pancreatic and periampullary cancer. Ann Surg. 1982;192:274-281. 


| In Other AMA Journals 


ARCHIVES OF INTERNAL MEDICINE 
Screening for the Multiple Endocrine Neoplasia Syndrome Type I: A Study of 11 Kindreds 
in the Netherlands 

Hans F. A. Vasen, MD; Cornelis B. H. W. Lamers, MD; Cees J. M. Lips, MD 


Since 1974, a total of 11 families with the multiple endocrine neoplasia syndrome type I (MEN-I), including 


52 patients, were identified. Fifteen of these 52 patients died of MEN-I—related complications (mean age, 
44 years), most of them in the period before screening was started. In 11 of the 15 patients, death was caused 
by complicated peptic ulcer disease, in 2 by metastasis of an endocrine pancreatic tumor, and in 2 by renal 
failure due to hyperparathyroidism. Family screening led to the diagnosis of 43 new endocrine lesions: 21 
cases of hyperparathyroidism, 16 endocrine pancreatic tumors, and 6 pituitary tumors. Hyperparathyroidism 
either was the first manifestation of MEN-I or was diagnosed simultaneously with the other components of 
the syndrome in 44 (94%) of the 47 patients who underwent full evaluation (Arch Intern Med. 1989;149:2717- 


2722). 
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FORTAZ® is indicated for the treatment of patients with infections caused by susceptible strains of the 
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S pneumoniae 
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susceptibility studies are known; however, once these results become available, the antibiotic treatment should 
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FORTAZ may also be used concomitantly with other antibiotics, such as aminoglycosides, vancomycin, and 
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concomitant treatment is appropriate, prescribing information in the labeling for the other antibiotics should 
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Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum 
antibiotics); therefore, itis important to consider its diagnosis in patients who develop diarrhea in association 
with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of 
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Protein Differences in Human Pancreatic 
Cancer Cell Lines With Diverse 


Metastatic Potential 


Michael A. Schwalke, MD; Craig M. Doremus, MS; Ronald Bleday, MD; Harold J. Wanebo, MD; Michael P. Vezeridis, MD 


è High-resolution two-dimensional polyacrylamide gel elec- 
trophoresis was performed on the pancreatic cell lines SG, SG-R, 
FG, and L3.5, which when injected into the spleen of nude mice 
produced hepatic metastases in 0%, 20%, 64%, and 100% of the 
animals, respectively. A total of 981 proteins were quantitatively 
identified. In the highly metastatic lines, 13 proteins were present 
in statistically significant greater quantities, while 4 proteins 
were present in statistically significant greater quantities in the 
cell lines with a low metastatic potential. Two proteins were 
unique to the highly metastatic lines, while 16 proteins were 
unique to the lines with a low metastatic potential. These results 
suggest that there are considerable quantitative and qualitative 
differences in the cellular proteins of human pancreatic cancer 
cell lines with a varying metastatic potential and imply a bio- 
chemical basis to tumor heterogeneity and metastases. 

(Arch Surg. 1990;125:469-471) 


uman pancreatic cancer is an aggressive malignancy 

with systemic metastases accounting for its grave prog- 
nosis.’ Tumor heterogeneity, demonstrated in human and 
animal solid tumors, is thought to be an important component 
of the metastatic process.” However, little progress has been 
made in implicating the unique biochemical pathways with 
tumor heterogeneity and metastases. A rational strategy to 
elucidate the factors responsible for the metastatic ability of 
cancerous cells involves the comparison of highly metastatic 
cells with cells of a low metastatic potential. 

We have applied the technique of high-resolution two-di- 
mensional polyacrylamide gel electrophoresis (2D-PAGE)’ to 
human pancreatic cancer lines of a diverse metastatic poten- 
tial derived from cell line COLO 357,‘ to address the question 
of whether there are distinct cellular proteins that correlate 
with the capacity to metastasize. 
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MATERIALS AND METHODS 


The cell lines used were SG, SG-R, FG (derived from COLO 357), 
and L3.5, a line that was established following five passages of FG 
through the nude mouse liver. A suspension of 210° cells was 
injected into the spleens of athymic NCI (NCr-nu/nu) nude mice by 
using previously described techniques.’ Pancreatic cell lines SG, SG- 
R, FG, and L3.5 when injected into the spleen of nude mice produced 
hepatic metastases in 0%, 20%, 64%, and 100% of the animals, 
respectively.’ 

The cells for electrophoresis were cultured in GEM 1717 medium. 
The medium was prepared by using RPMI medium (Gibeo, Grand 
Island, NY), which was buffered to pH 7.3 with HEPES buffer (10- 
nmol/L final concentration), tricine (10 nmol/L), and sodium bicar- 
bonate (33 mmol/L). The buffered RMPI 1640 medium was supple- 
mented with heat-inactivated fetal bovine serum (10% final 
concentration, Gibco), protamine, zinc and insulin (Iletin) (0.02 
U/mL, Eli Lilly & Co, Indianapolis, Ind), cyanocobalamin (1.0 mg/L, 
Eli Lilly & Co), oxaloacetic acid (1.5 mg/mL, Sigma Chemical Co, St 
Louis, Mo), and pyruvate (0.5 mg/mL, Sigma). Antibiotics that were 
added to the medium included penicillin G sodium (100 U/mL, Gibeo), 
streptomycin sulfate (100 mg/L, Gibco), amphotericin B (Fungizone, 
2.5 mg/L, Gibco), gentamicin sulfate (Garamycin, 20 mg/L, Elkins- 
Sinn, Richmond, Va), and tylosine (60 mg/L, Gibco). 

The monolayer cultures grew for 48 hours in a humidified 5% 
carbon dioxide atmosphere at 37°C in 35-mm tissue culture Petri 
dishes (Nunclon, Roskilde, Denmark). The semiconfluent cultures 
were rinsed, and 500 Ci of methionine, labeled with sulfur 35, was 
added to each culture and allowed to incubate for 16 hours. The cells 
were pelleted by centrifugation and stored at — 78°C. The protein 
concentration was assayed by the method of Lowry et al.” All samples 
were equalized for protein content. 

By using the method of O'Farrell,” samples from all cell lines were 
analyzed simultaneously in a high-resolution 2D-PAGE system. The 
samples were loaded at 400 000 disintegrations per minute per gel 
onto a broad range of ampholine (pH range, 3.5 to 10.0) in the first 
dimension and of 10% acrylamide in the second dimension. Radioac- 
tive spots were visualized by fluorography, digitalized, and submit- 
ted to computer statistical analysis (Protein Databases Inc, New 
York, NY). 

Statistics were used to compare samples SG + SG-R (low metastat- 
ic potential) vs FG + L3.5 (high metastatic potential). A Student's t 
test and a Student’s t test on the log transformation of the data were 
performed. Differences were considered to be statistically significant 
when both the Student’s t test and the Student's ¢ test on the log 
transformation of the data gave P<.05. 
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Table 1.—Proteins Unique to Cell Lines of Human Pancreatic 
Cancer With High Metastatic Potential (FG and L3.5) 


Molecular Weight x 10-°/ 
Protein ID No.* isoelectric Points 


1060 14.8/5.0 
4237 31.7/6.21 


*ID indicates identification. 


Table 2.—Proteins Unique to Cell Lines of Human Pancreatic 
Cancer With Low Metastatic Potential (SG and SG-R) 


Molecular Weight x 10-°/ 
Isoelectric Points 


106.9/5.43 











Protein ID No.* 























2810 108.6/5.35 
3744 99.0/5.61 
4108 20.0/6.26 
4833 115.3/6.06 
4841 115.7/5.92 
5333 34.4/6.54 
5514 57.0/6.69 
6003 13.6 

6323 33.1/6.95 
6422 39.0/6.95 
6524 55.6/6.93 
6639 77.1/6.87 
6816 112.2/6.99 
7507 51.0 






39.9 





RESULTS 


A total of 981 proteins were identified by 2D-PAGE. The 
range of the isoelectric points of these proteins, as determined 
by the first-dimension gel, was 4.0 to 7.0. The molecular 
weight range was 10 900 to 132 300 d, as determined by the 
second-dimension gel. 

Thirty-five proteins were present in significantly different 
quantities when comparing SG and SG-R (cell lines with a low 
metastatic potential) with FG and L3.5 (cell lines with a high 
metastatic potential). Two proteins were unique to the highly 
metastatic lines. Table 1 demonstrates the molecular weight 
and isoelectric points of these proteins. Sixteen proteins were 
found to be unique to, the lines with a low metastatic potential 
(Table 2). Also, in the highly metastatic lines, 13 proteins 
were present in statistically significant greater quantities, 
while 4 proteins were present in a statistically significant 
greater quantity in the lines with a low metastatic potential. 
Table 3 summarizes the quantitative differences, isoelectric 
points, and molecular weight of these proteins. 


COMMENT 


Carcinoma of the human exocrine pancreas is an aggressive 
malignancy that is associated with a grave prognosis. Less 
than 2% of patients survive 5 years. Although local growth 
and invasion into adjacent structures can be a major problem, 
the development of hepatic metastases from the hematoge- 
nous pathways is a constant clinical feature of this disease for 
which there is no effective therapeutic modality available.’ 

Tumor heterogeneity with regard to metastatic potential 
has been convincingly demonstrated with clonal lines of mu- 
rine tumors,” and recently, it has been shown that human 
pancreatic cancer cell lines derived from COLO 357 are com- 
posed of populations of cells with varying abilities to form 
hematogenous hepatic metastases in the nude mouse.’ Be- 
cause these cell lines derived from COLO 357 (SG, SGR, FG, 
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Table 3.—Protein Differences* in Cell Lines of Human 
. Pancreatic Cancer 











Cell Line Molecular Weight 
Protein x 10-*/lsoelectric 
ID No.t SGt SG-R FG L3.5 Points 
1322 216 230 106 113 32.5/4.57 
4721 544 562 364 385 97.3/6.11 
6332 897 859 284 210 35.0 
6419 318 263 171 158 32.9/6.84 





2003 246 168 496 574 16.3/5.38 
5613 256 303 445 485 79.8/6.73 
5615 225 251 356 327 64.4/6.65 
5616 768 759 1142 1306 65.1/6.71 
6327 342 266 596 529 32.6/6.96 
6601 173 107 709 1006 73.0 
6703 500 475 624 679 97.3 
8519 431 418 2662 1987 55.7 





*SG+SG-—R vs FG+L3.5 were statistically significant (P=.05) by the 
Student's t test and the Student's t test on the log transformation. 

TID indicates identification. 

Relative protein concentrations are expressed as disintegrations per minute. 


and L3.5) show a wide spectrum of potential for forming 
hepatic metastases (0% to 100%), comparison of the cellular 
protein differences of these cell lines may suggest biochemical 
differences that contribute to the expression of the metastatic 
phenotype. 

The technique of 2D-PAGE, as described by O’Farrell,’ 
allows for the simultaneous determination of molecular 
weights and isoelectric points of systems that contain more 
than 1000 proteins. Protein species that represent 10°*% to 
10 °% can be detected and quantified.* 

The technique of 2D-PAGE has been applied to the analysis 
of both animal and human solid tumors. Steele et al’ found no 
correlation, either qualitatively or quantitatively, in surface 
glycoproteins from cell lines of a varying metastatic potential 
selected from CMT64 mouse lung carcinoma. Similar obser- 
vations were made in the polypeptide profiles of B16 melano- 
ma clones of a different metastatic potential.* However, other 
animal studies have demonstrated considerable qualitative 
and quantitative differences in protein composition, as deter- 
mined by 2D-PAGE. The BALB/8T3 cells, transformed by 
either an RNA or DNA tumor virus, contained significant 
differences in protein content and number. Twenty proteins 
were unique to the transformed cell lines and not present in 
the host cells.” Grimstad et al,” by using a murine fibrosarco- 
ma model, found two proteins that correlated with a metastat- 
ic potential. Also, qualitative differences in the expression of 
two glycoproteins in the 13762N F mammary adenocarcinoma 
corresponded to the metastatic behavior of these cell lines.” 

Studies have shown tumor-associated polypeptides that 
correlate with the metastatic behavior of human cancers by 
using 2D-PAGE. Several authors have reported distinct pro- 
tein patterns that differentiate between normal prostatic 
tissue, benign prostatic hypertrophy, and prostatic carcino- 
ma.” Similar observations have been made in brain tu- 
mors.“ Stastny et al’ found 10 unique tumor-associated poly- 
peptides in human breast cancers. Also, Nalty et al” 
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described seven quantitative protein differences and two 
qualitative protein differences to correlate with the degree of 
differentiation in human colon cancers. 

Our results demonstrate 2 proteins that are unique to the 
highly metastatic lines and 16 proteins that are unique to the 
lines with a low metastatic potential. Also, significant qualita- 
tive differences were demonstrated in 17 cellular proteins. 
While these results are purely phenomenological, they show 
that the transformation to a metastatic cell type is accompa- 
nied by complex changes in the concentration and number of 


cellular polypeptides, suggesting a biochemical basis for tu- 
mor heterogeneity. 

Obviously, the next task is the identification of the specific 
proteins and the biochemical pathways that are altered in the 
metastatic cell lines. With acquisition of further knowledge of 
the precise biochemical steps involved in the metastatic 
transformation, the development of rational adjuvant thera- 
pies will be forthcoming. 


This study was supported by a grant from the Veterans Administration, 
Washington, DC. 
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Ultrasonic Imaging in the Differential Diagnosis of Diffuse Thyroid Disorders in Children 
Sten A. Ivarsson, MD; Ulla-Britt Ericsson, MD; Birgitta Fredriksson, MD; Per H. Persson, MD 


In 22 patients with suspected diffuse goiter, the diagnostic accuracy of ultrasonography was compared with 


that of aspiration biopsy cytology and thyroid antibody testing. Ultrasonography was abnormal in 100% (10/10) 
of the patients with autoimmune thyroid disease, only 90% (9/10) of whom were identified with antibody testing. 
All patients with diffuse colloid goiter had normal echo patterns on ultrasound imaging, whereas 29% (2/7) of 
them had positive results on antibody testing. Whether these are ‘false positives’ or represent focal thyroiditis 
remains unclear. Thus, ultrasound imaging stands out as a valuable diagnostic tool for the differential diagnosis 
of diffuse thyroid disorders in children (AJDC. 1989;143:1369-1372). 

Reprint requests to Department of Pediatrics, Malmö General Hospital, S-214 01 Malmö, Sweden (Dr. Ivarsson). 
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The Cause of Coagulopathy After 


Peritoneovenous Shunt 


for Malignant Ascites 


John J. Gleysteen, MD; Clara V. Hussey, MD; Margaret G. Heckman, MD 


è Thirty-five patients with malignant ascites who received a 
peritoneovenous shunt were studied to determine the type and 
duration of postoperative coagulopathy. Coagulation factors 
were measured before and on the first and third day after the 
placement of a Denver peritoneovenous shunt; 1 to 10 L of 
ascites was removed at operation. Levels of platelets, antithrom- 
bin Ill, plasminogen, antiplasmin, fibrinogen, and factors V and 
Vill decreased by the first postoperative day but did not change 
further through the third day. The levels of fibrinolytic split prod- 
ucts increased on day 1 but were lower by day 3. The platelet 
count reduction by the third day correlated with the hematocrit 
change (-— 0.031). The prothrombin and activated partial throm- 
boplastin times remained normal postoperatively. The patterns 
of change were similar for patients with positive (n=18) and 
negative (n = 17) ascites cytologic findings, with elevated (n = 24) 
and normal (n= 11) preoperative fibrinolytic split product levels, 
an elevated bilirubin value (>25 mol/L; n=9), and no jaundice 
(n = 26). Bleeding did not occur. The data indicated that plasmin- 
ogen- rather than thromboplastin-activated fibrinolysis occurred 
and that platelet reduction was largely dilutional. The reactions 
were not progressive when ascites was removed operatively. 

(Arch Surg. 1990;125:474-477) 


mong complications reported in the early experience 

with patients who received peritoneovenous shunts for 
treatment of ascites, a clinical coagulopathy was not uncom- 
mon. The cause of ascites in many of the early patients was 
cirrhosis, and preshunt abnormalities in some coagulation 
indexes were frequent.'’” The coagulopathy that happened 
was more often subclinical without overt bleeding,” and the 
pattern of coagulation factor changes that developed ap- 
peared to match the characteristics of disseminated intravas- 
cular coagulation. **** Patients with malignant neoplasms and 
ascites less often had preoperative coagulation abnormalities, 
and the subclinical changes that occurred in these indexes 
postoperatively were less pronounced or absent.”* A coagulo- 
pathy following peritoneovenous shunts has been attributed 
to a dose-related reaction of infused ascitic fluid with the blood 
that led to a policy of discarding much of the ascitic fluid at 
operation.**” The operative removal of ascites was performed 
by some investigators’ to avoid a sudden fluid overload of the 
cardiac and portal venous systems; the salutary effect on the 
frequency of a coagulopathy was fortuitous. 

With the purpose of clarifying the type and duration of 
coagulopathy that occurs early postoperatively in this set- 
ting, we initiated a protocol in 1980 to study changes in a 
series of coagulation indexes at set junctures before and after 
Denver peritoneovenous shunt placement. The study was 
undertaken in patients with malignant ascites associated with 
a variety of cancers. 
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PATIENTS AND METHODS 


Thirty-five patients with malignant neoplasms were studied and 
were treated surgically for malignant ascites during 7 years at the 
Zablocki Veterans Administration Medical Center, Milwaukee Coun- 
ty Medical Complex, and Froedtert Memorial Lutheran Hospital, 
which are all located inMilwaukee, Wis. The research protocol design 
received annual approval from the hospitals’ Human Studies Review 
Committee of the Medical College of Wisconsin, Milwaukee, through 
1987. Blood specimens were obtained for analysis preoperatively and 
on the first and third day after surgical implantation of a Denver 
peritoneovenous shunt. The majority of the peritoneal fluid was 
removed at operation and submitted for cytologic study, culture, and 
coagulation and chemical analysis; none of this volume was replaced 
by saline or colloid solution. 

The analysis of preoperative blood specimens included serum 
chemistry studies of the total bilirubin, aspartate aminotransferase, 
and alkaline phosphatase levels; the analyses were done by standard 
laboratory methods. Blood specimens for coagulation tests were 
obtained at all three intervals and included a determination of the 
hematocrit, platelet count, fibrinogen level, fibrinolytic split product 
(FSP) levels, prothrombin time (PT), activated partial thromboplas- 
tin time (A-PTT), and factor V and VIII, antithrombin ITI, plasmino- 
gen, and a,-antiplasmin values. The hematocrit and platelet count 
were measured by standard techniques. Analyses of ascitic fluid, 
obtained at operation, included the determination of the total protein, 
fibrinogen, FSP, antithrombin III, plasminogen, and a,-antiplasmin 
values. The total protein level was determined by electrophoresis. 

Blood that was to be analyzed for PT, A-PTT, fibrinogen, antith- 
rombin III, plasminogen, and antiplasmin was received and mixed 
with 3.8% sodium citrate and centrifuged to obtain platelet-poor 
plasma. Blood that was to be tested for FSPs was clotted in the 
presence of e—aminocaproic acid (Amicar) to obtain serum. The PT 
was determined according to Quick’s Test by using Dade thrombo- 
plastin (American Dade Co, Miami, Fla). The A-PTT was determined 
by using Dade (American Dade Co) cephaloplastin. Ascitic fluid was 
frozen in aliquots of plain fluid and anticoagulated fluid that contained 
3.8% sodium citrate and was reconstituted later. Clottable fibrinogen 
in serum and ascitic fluid was determined according to Clauss.” 
Levels of FSPs from serum and ascitic fluid was measured semiquan- 
titatively by the Dade latex particle slide agglutination test (Ameri- 
can Dade Co). Antithrombin III, plasminogen, and antiplasmin were 
assayed by using synthetic substrates, and their fluorescence was 
read with a fluorometer (Protopath, American Dade Co). Plasma and 
ascitic fluid for antithrombin III determination were diluted in buffer 
that contained heparin. An aliquot was added to standardized throm- 
bin solution and incubated, and residual thrombin was measured by 
using a substrate that contained D-phenylalanine-proline-arginine-5- 
amidoisophthalic acid, dimethyl ester. Plasma and ascites plasmino- 
gen were converted to plasmin by using streptokinase. They were 
then assayed by using the substrate D-valine-leucine-lysine-5- 
amidoisophthalic acid, dimethyl ester. Antiplasmin from plasma 
and ascitic fluid was determined by the incubation of samples with 
human plasmin, and the residual plasmin was assayed by using the 
same substrate as for plasminogen. Results for antithrombin III, 
plasminogen, and a,-antiplasmin were converted to the percent of 
normal. 

Statistical comparisons of changes in the values of coagulation 
indexes from preoperatively to the first day and from the first to the 
third day postoperatively were made by using the matched pair 
Student’s t test. Comparisons of the values between clinical groups of 
patients at preoperative intervals were analyzed by the unpaired 
Student’s t test. 
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RESULTS 


The malignant neoplasms in 35 patients with’ascites unre- 
sponsive to diuretic therapy, for whom Denver peritoneoven- 
ous shunts were placed between 1980 and 1987, were as 
follows: 


Site/Type of Malignancy Nao. of Patients 
Colon | 
Pancre 
Stomach 
Liver 
Lung-pleura 
Lymphoma 
Breast 
Ovary | 
Uterus 


mNowrewokh Dh & © 


The age range was from 37 to 83 years, with a mean of 59 
years; 14 patients were men. The ascitic fluid cytologic finding 
at the time of operation was positive for neoplastic cells in 17 
patients. A mean volume of 4.6 L was removed; the range was 
from 1 to 10 L. The proper location of the shunt venous limb 
was confirmed by fluoroscopy at operation, and all shunts 
were functional throug ı the third postoperative day as 
judged by diuresis and easy compressibility of the Denver 
peritoneovenous shunt chamber. * 

The preoperative aap eer of seven coagulation index- 
es, distinguished according to ascitic fluid cytologic findings, 
are illustrated compared with our laboratory normal ranges 
in Fig 1. Higher platelet counts (P<.01), fibrinogen content 
(P<.05), and percent antiplasmin (P<.05) occurred in pa- 
tients with positive ascitic cytologic findings. The mean fi- 
brinogen concentration was higher than normal in both 
groups. Factor V levels (mean+SD) were normal preoper- 
atively (102% + 29% ), and factor VIII levels were minimally 
elevated (296% + 200%); levels of each factor were not affect- 
ed by ascitic fluid cytologic findings. The total protein level of 
ascites (mean +SD) was 37+ 13 and 24+ 14 g/L in patients 
with positive and negative cytologic findings, respectively. 

Fibrinolytic split products were not different between pa- 
tients with positive or negative cytologic findings and aver- 
aged 26+28 mg/L (mean+SD). Fibrinolytie split products 
were normal (<10 mg/L) only in 11 patients preoperatively. 
Other preoperative indexes did not differ between patients 
with elevated vs normal FSP levels, except PT (13.0 vs 11.6 
seconds, P<.01). 

Nine patients had metastatic (or primary) involvement of 
their liver sufficient to raise their preoperative total bilirubin 
level greater than 25 pmol (mean+SD, 63+47 pmol/L). 
The aspartate aminotransferase and alkaline phosphatase 
levels in these patients also were elevated: 73 +34 U/L and 
663 + 336 U/L, respectively; the corresponding values in the 
other 26 patients were 45 + 29 U/L and 202 + 144 U/L, respec- 
tively. Prolongation (P<.001) of the PT (14 vs 12 seconds) and 
the A-PTT (30 vs 25 seconds), compared with the remainder 
of patients, were recorded in the jaundiced group 
preoperatively. 

The perioperative fibrinogen and FSP levels, PTs, and A- 
PTTs are indicated in Fig 2. Although a coagulopathy devel- 
oped, changes in the PT and A-PTT did not occur. Ascitic fluid 
content of fibrinogen was 0.14+0.11 g/L, and of FSPs, it was 
471+ 440 mg/L (mean + SD). 

A relative thrombocytopenia developed by the first day 
after placement of the Denver peritoneovenous shunt, and a 
reduction in the blood levels of antithrombin III, plasmino- 
gen, and antiplasmin occurred (Table). The content of these 
three plasma proteins in ascitic fluid were 31%+15%, 
18% + 14%, and 19%+17% (mean+SD)of normal, respec- 
tively. No further change in platelet counts or protein levels 
occurred by the third postoperative day. Factors V and VIII 
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Fig 1.—Mean preoperative coagulation indexes in blood of patients 
with positive or negative ascitic fluid cytologic findings. Mean values 
are indicated overlying laboratory normal range for platelets (num- 
ber x 10°), prothrombin time (PT) and activated partial thromboplastin 
time (A-PTT) (seconds), fibrinogen (grams per liter), and antithrombin, 
plasminogen, and antiplasmin (percent of normal). Asterisks indicate 
differences between means (P<.025). 
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Fig 2.—Mean values of coagulation indexes in blood (fibrinogen, 
grams per liter; fibrinolytic split products [FSPs] milligrams per liter; 
and prothrombin time [PT] and activated partial thromboplastin time 
[A-PTT], seconds) of all 35 patients before shunt placement (preshunt) 
and on days 1 and 3 postoperatively. Interval changes (preshunt) to 
day 1 and days 1 to 3 are indicated in columns when significant. 


levels also were reduced 22% and 24%, respectively (P<.01) 
on the first day and were not changed further by the third day. 
No clinical bleeding had occurred by the third day, but the 
hematocrit dropped 0.03. The hematocrit reduction at that 
time correlated directly with the platelet count reduction 
(r=.55, P<.025), indicating that dilution was a partial cause 
of the decrease in the platelet count (Fig 3). Patients who 
were separated according to positive or negative ascitic fluid 
cytologic findings had parallel changes in the four indexes by 
the first postoperative day but had divergent changes in the 
platelet count and plasminogen level by day 3 (Table). 

Nine patients with elevated serum bilirubin levels had 
lower levels of plasminogen and antiplasmin preoperatively, 
but the changes in the indexes that occurred by the first day 
and their stability into the third day were parallel with those 
of patients who were not jaundiced (Table). In 24 patients 
with preoperative elevated FSP levels, an increase in both 
the mean PT (13.0 to 13.9 seconds, P<.01) and A-PTT (27 to 
30 seconds, P<.05) occurred on the first postoperative day. 
However, the pattern of change in the other indexes during 
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Perioperative Levels of Coagulation Indexes* 


Mean + SD 


pS 


Platelets x 10°/mm* Antithrombin Ill, % Plasminogen, % Antiplasmin, % 


———_—_—_—_—_—_— A: 


PREOP Day 1 Day3 PREOP Day1 Day3 PREOP Day1 Day3 PREOP Dayi Day3 
(n=35) 327+191 211+159f 210+159 82+23 72+22ł 70+25 77+28 64+24¢ 67+31116+38 88+46f 105+42 

























All patients 


Ascitic fluid 
Positive cytologic 
finding (n=17) 397+ 220¢ 255+ 203§ 273+164t 88+21 73+20§ 73+25 84+25 71+21t 81+28 130+31]| 112+454 130+34 
Negative cytologic 
finding (n=18) 252+121¢ 163+759 128+74t 77+25 70+24t 70+25 70+29 56+26f 54+29 104+39]| 70+40§ 88+39 


Liver involvement 


Bilirubin level 
>25 pmol/L (n=9) 284+117 165+979 137+83 71+31 54+26t 46+25 47+22# 39+211 46+48 89+43| 62+50 81+53 
Normal (n=26) 342+211 236+1829 238+161 86+20 78+17§ 77+21 85+24# 72+19§ 73+22 125+31|| 100+40§ 113+36 
Preexisting 
coagulopathy 


FSPs, >10 mg/L (n=24) 316+205 211+176f 181+173 77+24 66+22§ 61+27 73+28 60+23§ 62+34108+39 78+48ft 92+45 
(n=11) 368+205 248+25 260+90 93+20 82+18ft 83+15 87+29 72+25§ 79+24128+35 107+38f 127+30 


*PREOP indicates preoperative period; FSPs, fibrinolytic split products. Antithrombin III, plasminogen, and antiplasmin values are given in percent of normal. 


FSPs, normal 





tP<.01, PREOP to day 1 or days 1 to 3, paired t test. 
+P<.01, PREOP difference, unpaired t test. 

§P<.001, PREOP to day 1 or days 1 to 3, paired t test. 
|P<.025, PREOP difference, unpaired t test. 

§{P<.025, PREOP to day 1 or days 1 to 3, paired t test. 
#P<.001, PREOP difference, unpaired t test. 
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Fig 3.—Least squares regression correlation of individual hematocrit 
reductions (or increases = negative values) to platelet reductions by 
postoperative day 3. Six patients were transfused 1 to 2 U of packed 
cells; each unit was credited with a 2% increase. The hemodilution and 
thrombocytopenic responses were directly correlated (r=.547; 
P<.025; y =0.023x — 0.443). 


the 3 days after the shunt placement was not different from 
that in those patients with normal preoperative FSP levels 
(Table). 


COMMENT 


The sequential change in the coagulation indexes seen in 
our patients during the first 3 days after the placement of the 
Denver peritoneovenous shunt included a moderate hypofi- 
brinogenemia and a marked increase in the level of plasma 
FSPs, as illustrated in Fig 2. Some but not all of the initially 
high plasma FSP levels were likely contributed by transmit- 
tal of degradation products that were already contained in the 
ascitic fluid (471+ 440 mg/L), as noted by others.”"”” We did 
not identify the activator of the process that is likely to be a 
substance in the ascitic fluid’; studies have indicated that it 
is a plasminogen activator of peritoneal tissue origin.” The 
reactions that led to fibrinogenolysis were active in the ascitic 
fluid before a shunt was created, manifested by low ascites 
concentrations of fibrinogen, plasminogen, and antiplasmin 
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and high concentrations of FSPs. The plasma FSP levels 
began to drop by the third day, whereas the infusion of ascites 
through patent shunts continued. We believe that progres- 
sion of the initial coagulopathy was avoided, with signs of 
beginning recovery on the third day, by the operative remov- 
al of ascitic fluid. 

The predominant blood reaction that caused fibrinogenoly- 
sis after the shunt insertion was precipitated by plasminogen 
activation, manifested by a prompt drop in plasminogen lev- 
els (P<.01). A concomitant drop occurred in the level of blood 
antiplasmin (P<.01), which acted to neutralize the circulating 
free plasmin. The process slowed after the first day, and the 
antiplasmin content was nearly restored by day 3 (Table). 
Corroborative evidence was reported by Patrassi et al? who 
reinfused concentrates of ascites into cirrhotic patients; mod- 
erate quantities of plasminogen-antiplasmin complexes ap- 
peared in the blood where complexes had been absent before 
infusion. Le Veen and colleagues” thromboelastographic tests 
of ascitic fluid from cirrhotic patients, combined with platelet- 
rich plasma, indicated that contained fibrin clot was lysed by 
plasminogen activation, and lysis was inhibited by e-aminoca- 
proic acid. Circulating plasmin is capable of digesting a vari- 
ety of blood proteins besides fibrinogen that include clotting 
factors.*” Within this spectrum are factors V and VIII that 
were reduced, though not below normal levels, during the 3 
days after the shunt placement. Although other investigators 
have proposed that infused ascites may cause thromboplastic 
activation of the intrinsic or extrinsic clotting pathways with 
consumption of those factors,'** the stability of the PTs and 
A-PTTs in our patients with cancer during the postoperative 
course contradicts that thesis. Other investigators also have 
reported little change in PTs and A-PTTs after placement of 
shunts for malignant ascites although the postoperative test 
intervals in these studies were unclear.** Florid changes in 
coagulation indexes may have been prevented by removal of 
ascitic fluid in our patients. However, the unchanged PT and 
A-PTT test values were the major criteria by which we have 
distinguished plasminogen activation (primary fibrinolysis) 
as the predominant reaction. 

Changes in two coagulation indexes that typically accompa- 
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ny secondary or consumptive fibrinolysis occurred in our 
patients. The platelet count decreased 35% by the first day 
without further progression (Table). Platelet aggregation can 
be induced by plasmin,” as well as by concentrates of ascitic 
fluid collagen,” with subsequent platelet factor 3 formation. 
This factor can activate the intrinsic clotting pathway and 
generate thrombin. The fact that PT and A-PTT test values 
- were not changed in our patients argues against a major role 
by platelet aggregation. In fact, hemodilution by ascites may 
be another cause of the reduction in the platelet counts. The 
volume decrease of platelets in our patients correlated well 
with the hematocrit change by the third day (Fig 3). 

The reduction in blood levels of antithrombin IIT occurred 
by the first day without further progression. Normally, the 
major reaction of this circulating anticoagulant is a neutraliz- 
ing linkage-complex formation with thrombin. Thrombin 
must be generated for it to link with antithrombin III, and it is 
unclear how this reaction can proceed to any degree without 
affecting the PT. Attempting to prevent coagulopathy, Buller 
and ten Cate” infused human antithrombin III concentrate 
into patients with chronic liver failure and ascites to normalize 
their blood levels before and early after placment of a periton- 
eovenous shunt. Although normal levels were accomplished, 
clinically significant coagulation abnormalities occurred that 
were indicative of both thrombin generation and plasminogen 
activation. Antithrombin III, which has been useful as an 
anticoagulant in preventing or treating disseminated coagulo- 
pathy, appeared to have no beneficial role in the shunt coagu- 
lopathy that ensued.” A possible alternate explanation for the 
antithrombin III reduction in patients who receive shunts is 
an inhibitory reaction with high circulating levels of plasmin. 
This reaction has been documented in vitro, but its physiolog- 
ic significance is unknown.” Tests for the detection of specific 
antithrombin III complexes with activated procoagulants are 
being developed,” and they may permit a distinction between 
thrombin generation and fibrinolysis in this setting. 

A majority of patients (69%) had elevated preoperative 
blood levels of FSPs that may reflect tumor burden. Howev- 
er, the abnormal levels did not match with certain malignant 
neoplasms, nor were they found predominantly in patients 
with neoplastic cells seen in the ascitic fluid. The coagulo- 
pathy, manifested by elevated FSP levels, appeared to be 
compensated in that none of the coagulation indexes were 
significantly different from those in patients with normal FSP 
levels, except for PT. The higher preoperative PT (P<.01) in 
these patients may be explained by the anticoagulant proper- 
ties of FSPs.” Both PTs and A-PTTs increased on the first 
day in these patients. The postoperative changes in the other 
indexes that occurred after the Denver peritoneovenous 
shunt placement were parallel between patients with normal 
and elevated FSPs; their response was not changed by a 
preexisting compensated coagulopathy. 

Patients with positive ascitic fluid cytologic findings had 
higher platelet counts and fibrinogen concentrations preoper- 
atively (Fig 1); however, postoperative changes in the levels 
of fibrinogen, F'SPs, and antithrombin III were the same as in 
patients with negative cytologic findings. The initial differ- 
ence between platelet counts became more variable and less 
marked postoperatively, while the difference between the 
mean plasminogen and antiplasmin levels increased with the 
lower values seen in the patients with negative cytologic 
findings (Table). This difference could reflect a greater plas- 
minogen activation in patients with negative cytologic find- 
ings, but the postoperative FSP levels were not different. 
Alternatively, the low plasma protein levels in patients with 
negative cytologic findings may reflect a compromised liver 
synthesis from an unappreciated greater liver infiltration 
with tumor. This latter possibility is supported by the obser- 
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vations made in our patients with mild jaundice. Char 
PTs and A-PTTs did not occur in either group which str 
ens the thesis that the predominant cause of coagul 
was plasminogen activation. 

Patients with abnormal total bilirubin levels (> 25 w 
were segregated from the remainder to signify those p 
with moderate tumor burden in the liver. The abnorm 
rubin level corresponded with markedly elevated serun 
line phosphatase and aspartate aminotransferase leve 
with prolonged preoperative PTs and A-PTTs. Thes 
patients had abnormal antithrombin III and plasmi 
levels and lower (P<.025) antiplasmin levels (Table), 
also corresponds with extensive liver infiltration by tt 
Despite markedly different starting points for some 
coagulation indexes, the postoperative changes in ps 
with jaundice closely paralleled the nonjaundiced grou 
similarity included the PTs and A-PTTs that did not cha 
the jaundiced patients. These observations again impl 
the predominant reaction occurring with malignant a 
shunt infusion, even with plasma protein synthesis co 
mised by hepatic metastases,” is plasminogen activatio: 
mary fibrinolysis). 


This study was supported in part by funds from the Vince Lombar 
Clinic, Medical College of Wisconsin, Milwaukee, the Storz Instrumen 
Louis, Mo, and the Veterans Administration, Washington, DC. 
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BRIEF SUMMARY UF PRESCRIBING INFORMATION 
TIMENTIN® Sterile ticarcillin disodium for Intravenous 
and clavulanate potassium Administration 
INDICATIONS AND USAGE: TIMENTIN*is indicated in the treatment 
of infections caused by susceptible strains of the designated 


organisms in the conditions listed below: _ 
Bacte rial septicemia, including bacteremia, caused by 8-lactamase 
producing strains of Klebsiella spp., E. coli, Staphylococcus aureus 


and Pseudomonas aeruginosa (and other Pseudomonas species). 

: caused by 8-lactamase producing 
strains of Staphylococcus aureus, Hemophilus influenzae and 
Klebsiella spp. Bone and Joint Infections: caused by 8-lactamase 


roducing strains of Staphylococcus aureus. Skin and Skin Structure 
Infections: caused by ßB-lactamase producing strains of 
taphylococcus aureus, Klebsiella spp., and E. coli. Ucnary Tract 
Infections (complicated and uncomplicated): caused by 8-lactamase 
producing strains of E. coli, Klebsiella spp., Pseudomonas aeruginosa 
(and other Pseudomonas species), Citrobacter spp., Enterobacter 
cloacae, Serratia marcescens, and Staphylococcus aureus . 
i : Endometritis caused by B-lactamase 
producing strains of B. melaninogenicus; Enterobacter spp. (including 
E. cloacae’), Escherichia coli, Klebsiella pneumoniae; Staphylococcus 
aureus, and Staphylococcus epidermidis. 
_ While TIMENTIN is indicated only for the conditions listed above, 
infections caused by ticarcillin susceptible organisms are also 
amenable to TIMENTIN treatment due to its ticarcillin content. 
Therefore, mixed infections caused by ticarcillin susceptible organisms 
and 8-lactamase producing organisms susceptible to TIMENTIN 
should not require the addition of another antibiotic. 

ADVERSE REACTIONS: As with other penicillins, the following 
adverse reactions may occur: Hypersensitivity reactions: skin rash, 
pruritus, urticaria, arthralgia, myalgia, fe fever, chills, chest 
discomfort, and anaphylactic reactions. Central nervous system: 
headache, giddiness, neuromuscular hyperirritability or convulsive 
seizures. Gastrointestinal disturbances: disturbances of taste and 
smell, stomatitis, flatulence, nausea, vomiting and diarrhea, epigastric 
pain. Hemic and Lymphatic systems: thrombocytopenia, leukopenia, 
neutropenia, eosinophilia and reduction of hemoglobin or hematocrit. 
Prolongation of prothrombin time and bleeding time. Abnormalities 
of hepatic and renal function tests: elevation of serum aspartate 
aminotransferase (SGOT), serum alanine aminotransferase (SGPT), 
serum alkaline phosphatase, serum LDH, serum bilirubin. Rarely, 
transient hepatitis and cholestatic jaundice—as with some other 
penicillins and some cephalosporins. Elevation of serum creatinine 
and/or BUN, hypernatremia. Reduction in serum potassium and uric 
acid. Local reactions: pain, burning, swelling and induration at the 
injection site and thrombophlebitis with intravenous administration. 
Overdosage: As with other penicillins, TIMENTIN in overdosage has 
the potential to cause neuromuscular hyperirritability or convulsive 
seizures. Ticarcillin may be removed from circulation by hemodialysis. 
The molecular weight, degree of protein binding and pharmacokinetic 
profile of clavulanic acid together with information from a single 
patient with renal insufficiency all suggest that this compound may 
also be removed b | ae ag to 

CONTRAINDICATIONS: TIMENTIN is contraindicated in patients 
with a history of baat at reactions to ay of the pn ins. 

WARNINGS: SERIOUS AND OCCASIONALLY FATAL 
HYPERSENSITIVITY (ANAPHYLACTOID) REACTIONS HAVE BEEN 
REPORTED IN PATIENTS ON PENICILLIN THERAPY. THESE 
REACTIONS ARE MORE LIKELY TO OCCUR IN INDIVIDUALS WITH A 
HISTORY OF PENICILLIN HYPERSENSITIVITY AND/OR A HISTORY 
OF SENSITIVITY TO MULTIPLE ALLERGENS. THERE HAVE BEEN 
REPORTS OF INDIVIDUALS WITH A HISTORY OF PENICILLIN 
HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE REACTIONS 
WHEN TREATED WITH CEPHALOSPORINS. BEFORE INITIATING 
THERAPY WITH TIMENTIN, CAREFUL INQUIRY SHOULD BE MADE 
CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OR OTHER DRUGS. IF AN 
ALLERGIC REACTION OCCURS, TIMENTIN SHOULD BE 
DISCONTINUED AND THE APPROPRIATE THERAPY INSTITUTED. 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE 
EMERGENCY TREATMENT WITH EPINEPHRINE. OXYGEN, 
INTRAVENOUS STEROIDS, AND AIRWAY MANAGEMENT, INCLUDING 
INTUBATION, SHOULD ALSO BE PROVIDED AS INDICATED. j 

PRECAUTIONS: While TIMENTIN ponzecoes the characteristic low 
toxicity of the penicillin group of antibiotics, organ system functions 
should be assessed periodically during therapy. i A 

Bleeding manifestations have occurred in some patients receivin 
B-lactam antibiotics. These reactions have been associated wit 
abnormalities of coagulation tests such as clotting time, platelet 
aggregation and prothrombin time and are more likely to occur in 
i bs with renal impairment. If bleeding manifestations appear, 
| svali treatment should be discontinued and appropriate therapy 
instituted. 

TIMENTIN has only rarely been reported to cause hypokalemia. 
Periodic monitoring of serum potassium may be advisable in patients 
receiving prolonged therapy. 

Pregnancy (Category B): Reproduction studies have been 
performed in rats given doses up to 1050 mg/kg/day and have 
revealed no evidence of impaired fertility or harm to the fetus due to 
TIMENTIN. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproduction studies are 
not always predictive of human response, this drug should be used 
duning Lpo penoy only if clearly needed. 

DOSAGE AND ADMINISTRATION: TIMENTIN should be 
administered by intravenous infusion (30 min.). Usual recommended 
dose for systemic and urinary tract infections for average (60 kg) 
adults is 3.1 Gm TIMENTIN (3.1 Gm vial containing 3 Gm ticarcillin 
and 100 mg clavulanic acid) bron every 4 to 6 hours. For gynecologic 
infections TIMENTIN should be administered as follows: Moderate 
infections 200 mg/kg/day in divided doses every 6 hours and for 
severe infections 300 mg/kg/day, based on ticarcillin content, in 
divided doses every 4 hours. For parent weighing less than 60 kg, 
the recommended dosage is 200-300 mg/kg/day, based on ticarcillin 
content, given in divided doses eony 4 to 6 hours. In urinary tract 
infections, a dosage of 3.2 Gm TIMENTIN (3.2 Gm vial containing 3 
Gm ticarcillin and 200 mg clavulanic acid) given every 8 hours is 
adequate. Please see official package insert for details on dosages for 
tg patients, including those with renal insufficiency, and directions 
or use. 
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Release of Chemotactic Factors by Veins 


During Preparation for Arterial Bypass 


Steven T. Ruby, MD; Medhat E. Allam, MD; MaryAnn Gallo; Sara Barth; Salwa A. Elgebaly, PhD 


© With the use of arterial bypass release neutrophil chemotac- 
tic factors, saphenous veins were removed from dogs by means 
of standard surgical technique and were distended to a pressure 
of 200 mm Hg for 15 minutes with cold (4°C) plasmalyte solution. 
Veins cannulated in situ and flushed with cold (4°C) plasmalyte 
solution served as negative controls. Experimental and control 
flush solutions were assayed for the presence of neutrophil 
chemotactic factors with the use of modified Boyden chambers. 
Chemotactic activity from the distended vein grafts was 2.2 to 7.2 
times the control value. Biologic chemotactic activity was dem- 
onstrated as well. These results suggest a role for the vein graft 
itself in the recruitment of neutrophils to implanted veins by 
releasing chemoattractants. 

(Arch Surg. 1990;1 25:481 -484) 


N eutrophil chemotactic factors (NCF's) are known to re- 
cruit neutrophils from the circulation into sites of in- 
jured tissue or infection.‘ These mediators of inflammation 
have the ability not only to attract white blood cells but to 
activate them as well, resulting in the release of toxic agents, 
such as oxygen metabolites’ and digestive enzymes.” Acti- 
vated leukocytes can cause an extensive detachment and loss 
of endothelial cells. The main source of NCF's is thought to be 
activated serum proteins (ie, C3a and C5a)’ and activated 
immune cells (interleukin 1 and leukotriene B,).*® Elgebaly et 
al recently showed that NCFs are released from damaged 
tissues themselves (tissue derived), such as the cornea,” 
stomach,’ coronary artery,” and heart." The characteristics 
of these chemoattractants have been elaborated and are of 
significantly higher molecular weight (>100 kd) than their 
counterparts derived from serum or released from activated 
immune cells. 

The preservation of venous endothelial cells during vein 
graft preparation for arterial bypass is the goal of all vascular 
surgeons. Exposure of subendothelial collagen to circulating 
blood components will result from a loss of integrity of the 
endothelial layer possibly mediated by accumulated neutro- 
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phils. Standard preparation of vein grafts may also result in 
the obligatory loss of some endothelial cells from the luminal 
surface. The role of the injured vein (one that has lost endo- 
thelial cells) in recruiting inflammatory cells is at present not 
well understood. The purpose of this study was to determine 
whether canine vein grafts prepared for arterial bypass by 
means of standard technique release NCFs. 


MATERIALS AND METHODS 
Surgical Procedures and Vein Preparation 


Eight mongrel dogs weighing 20 to 30 kg were anesthetized with 
intravenous pentobarbital sodium (25 mg/kg of body weight). The 
saphenous veins were exposed bilaterally by means of standard 
surgical technique. The tributaries were gently ligated with 5.0 silk, 
and the veins were cannulated both proximally and distally. Through 
the distal cannula, 30 mL of heparinized plasmalyte solution was 
gently injected to wash the blood from the veins. Ten milliliters of 
heparinized cold (4°C) plasmalyte solution was injected through the 
distal cannula and collected from the proximal cannula to be rein- 
jected and was collected finally to be used as a negative control for the 
study (in situ cannulated control). 

The dogs were killed, and the veins were immediately removed and 
distended with cold plasmalyte to 200 mm Hg for 15 minutes with the 
use of a Shiley pressure balloon. The pressure was then released, and 
the veins continued to be incubated with cold plasmalyte (2 mL per 
vein) at 4°C for an additional 45 min. Plasmalyte solutions were 
collected and assayed for the presence of neutrophil chemotactic 
activity with the use of modified Boyden chambers. Segments of the 
veins obtained before the distention were fixed with 3% buffered 
glutaraldehyde for transmission electron microscopy. At the end of 
incubation, the veins were also prepared for examination with the 
transmission electron microscope. 


Neutrophil Isolation 


Canine Neutrophils. — Heparinized blood was collected by a cardi- 
ac puncture on healthy anesthetized dogs. Whole blood was spun at 
2500 rpm for 20 minutes at 4°C and serum was collected. White blood 
cells were removed and the excess red blood cells were lysed for 
10 minutes with the use of lysing solution (0.155-mol/L ammonium 
chloride, 0.01-mol/L sodium bicarbonate, and 1-mol/L edetie acid). 
The remaining white blood cells were washed three times in Hanks’ 
balanced salt solution (HBSS) and spun at 1500 rpm for 10 minutes. 
Neutrophils were separated from the total leukocyte pellet by the 
Ficoll-Hypaque sedimentation technique. 

Neutrophils were resuspended to a final concentration of 2.5 x 10° 
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Fig 1.—Neutrophil chemotactic activity recovered with the use of 
canine neutrophils as indicator cells. HBSS indicates Hanks’ balanced 
salt solution; Cl, chemotactic index. 


cells per milliliter in HBSS containing 0.1% bovine serum albumin. 

Rabbit Neutrophils. — Four hundred milliliters of 0.15-mol/L sodi- 
um chloride containing 0.1% Oyster glycogen (Sigma Chemical Co, St 
Louis, Mo) was injected intraperitoneally into white New Zealand 
rabbits." After 4 hours, the ascitic fluid was collected and the neutro- 
phils were adjusted to a final suspension of 2.5 x 10° cells per milliliter 
in HBSS containing 0.1% bovine serum albumin. 


Chemotaxis Assay 


Neutrophil chemotactic activity was determined as previously de- 
scribed the the use of modified Boyden chambers. Briefly, the 
complement component C5a (3 median effective dose) (Sigma Chemi- 
cal Co) was used as the positive control for 100% chemotactic re- 
sponse. The negative control for random migration was HBSS. A 
150-uL amount of neutrophil suspension was placed in the upper 
compartment of each chamber containing a Millipore membrane (Mil- 
lipore, Bedford, Mass) with a porosity of 8 um. The lower compart- 
ment of the chamber contained 150 pL of C5a, HBSS, plasmalyte, or 
plasmalyte after incubation with dog veins (ie, vein grafts and in situ 
veins). Chambers were then incubated for 1 hour at 37°C in a 5% 
carbon dioxide/95% air atmosphere to permit cell migration across 
the membrane. After incubation, filters were removed, fixed in 100% 
ethanol, stained with hematoxylin, and mounted on glass slides for 
counting, done with an Optomax Image Analyzer (Burlington, Mass). 
All measurements were made in duplicate, and migrated cells were 
counted with the use of high-power fields ( x 40). 

Cell migration in response to the putative chemoattractants was 
expressed as a chemotactic index (ie, distance traveled in the filter 
x cell number). 

To determine whether the observed neutrophil migration was due 
to increased directed migration (ie, chemotaxis) or increased random 
migration (ie, chemokinesis), a standard checkerboard analysis was 
performed as previously described."” Briefly, varying amounts (un- 
diluted, 1:3, and 1:9in HBSS) of supernatants were added to both the 
upper and lower compartments of the Boyden chambers and incu- 
bated at 37°C in a 5% carbon dioxide/95% air atmosphere for 1 hour. 


In Vivo Activity 


Neutrophil accumulation into rabbit back skin was evaluated 
24 hours after intradermal injections of 200 wL of plasmalyte solution 
obtained from vein grafts and in situ control veins. These samples 
were concentrated 10-fold by means of an Amicon ultrafiltration 
membrane (Amicon Co, Danvers, Mass) with a 100-kd cutoff before 
injection. A 200-~L volume of materials retained above the mem- 
brane for both vein graft plasmalyte and in situ plasmalyte was 
tested. The standard C5a (positive control) and HBSS (negative 
control) were also tested. After 24 hours, rabbits were killed and skin 
samples were removed for histologic evaluation. 
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Experiment 


Fig 2.—Neutrophil chemotactic activity recovered with the use of 
rabbit neutrophils as indicator cells. HBSS indicates Hanks’ balanced 
salt solution; Cl, chemotactic index. 


RESULTS 
Generation of NCFs From Canine Vein Grafts 


Neutrophil chemotactic activity released from dog vein 
grafts was determined by means of dog and rabbit neutrophils 
as indicator cells. Chemotactic activity recovered in superna- 
tant solutions of vein segments distended with cold plasma- 
lyte (4°C) for 15 minutes at a pressure of 200 mm Hg, then 
incubated for 45 minutes in the same medium, was higher 
than that recovered in control flush solutions (Fig 1). The 
increase in activity ranged from twofold to sixfold. We also 
observed that neutrophil migration induced by chemotactic 
factors derived from distended vein grafts was up to 96% of 
that induced by the standard C5a, suggesting that the factors 
are quite potent. 

In a second set of experiments using additional vein graft 
preparations and rabbit peritoneal neutrophils as indicator 
cells, the above-described findings were confirmed (Fig 2). 
The activity was retained across species. In addition, the use 
of rabbit indicator cells (available in large numbers) will aid in 
the future purification of these vein-derived NCFs. 


Checkerboard Analysis 


As the concentration of vein supernatant increased in the 
lower chamber, the migration index increased to 2.1-fold, 
which was greater than the random migration index (ie, a 
value of 1) (Table). The chemokinetic index seen along the 
diagonal axis in the Table shows increasing migration as the 
net concentration of supernatant in the upper and lower 
chambers increases. This index (ie, twofold increase over 
random migration) was maximal at undiluted samples placed 
in the upper and lower chambers. When values below the 
diagonal (ie, 2.5-, 6.1-, and 7.5-fold increases over random 
migration) were compared with those above the diagonal (ie, 
1.3-, 1.2-, 1.9-, and 1.5-fold), it was clear that migration was 
higher when concentrations of supernatant solutions were 
greater in the lower chamber than in the upper chamber, 
indicating that the activity was chemotactic. 


Transmission Electron Microscopy 


Representative sections of distended and in situ control 
veins were examined under the transmission electron micro- 
scope. The endothelial cell layer retained normal morphologic 
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Checkerboard Analysis of Neutrophil 


Chemotactic Activity Index* 


Dilution 
’ 2 | 


Dilution 0 1:9 1:3 Undiluted 


0 110+20 150 + 132 138 +39 1078 + 134 
(1) (1.3) (1.2) (9.8) 


180+ 42 213+51 
(1.6) (1.9) 


130+34 285+55 71+22 175+35 
(1.1) (2.5) (0) (1.5) 


235+61 833+284  678+132 230 +55 
(2.1) (7.5) (6.1) (20) 


*Recovered in supernatant solutions of vein grafts incubated in plasmalyte 
for 1 h at 4°C. Numbers in parentheses are migration index values. Chemotactic 
activity is expressed as number of migrated cells per high-power field. 


Undiluted 





characteristics after 15 minutes of distention with cold plas- 
malyte solution (Fig 3). 


In Vivo Activity of Vein-Derived NCFs 


Supernatant from distended vein graft preparations was 
injected intradermally into the back of a rabbit. Histologic 
sections of the injection sites obtained 24 hours later demon- 
strated the stimulation of neutrophil infiltration (Fig 4). A 
similar response was observed with the C5a injection. The 
HBSS, as well as the in situ flush solution (negative control), 
did not stimulate neutrophil recruitment. 


COMMENT 


A variety of factors influence the short- and long-term 
patency rates of vein bypass grafts. Technical errors result- 
ing in early graft occlusion are well known. Likewise, the 
development of anastomotic intimal hyperplasia and the pro- 
gression of proximal and distal atherosclerotic lesions have 
been well described. Inflammatory cells have been noted to be 
present in vein grafts after implantation. The link between 
their presence and the ultimate performance of the graft has 
not been firmly established. 

Leukocytes adhere to and will infiltrate injured veins and 
arteries in the areas of endothelial loss. LoGerfo et al” noted 
leukocyte adhesion to vein grafts prepared with an “injury 
prone” technique. White blood cell infiltration into the media 
was noted 3 hours after implantation. Pearce et al” observed a 
severe inflammatory response with the accumulation of leu- 
kocytes beneath the endothelial cell layer when vein grafts 
were placed in a low flow arterial circuit. Vein grafts placed in 
the coronary circulation” and as carotid artery substitutes” 
have also been noted to have leukocytes adhere to and infil- 
trate areas of endothelial cell loss. These latter studies sug- 
gest a role of local tissues in the initiation or enhancement of 
the inflammatory reaction seen in vein grafts. 

The production of NCFs by human endothelial cells in 
culture has been demonstrated.” Activated leukocytes can 
cause an extensive detachment and loss of endothelial cells, 
presumably by the release of toxic agents. 

The attachment of endothelial cells to seeded prosthetic 
grafts has been shown to be enhanced if the grafts are im- 
planted into leukocyte-depleted dogs.“ Endothelial cells were 
lost after the first 2 hours of in vivo perfusion. This observa- 
tion further suggests that leukocytes may play a significant 
role in the loss of endothelial cells from the surface of seeded 
grafts and autogenous veins. 

The inflammatory reaction observed in vein grafts after 
implantation may initiate or propagate a chain of events that 
ultimately results in vein graft thrombosis. When the physi- 
cal barrier of an intact endothelial cell layer is violated, ex- 
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Fig 3.—Transmission electron photomicrograph of experimental vein 
distended with plasmalyte (4°C) at 200 mm Hg for 15 minutes. Normal 
cell morphologic features are seen. 





Fig 4.—Sections of rabbit skin seen under the light microscope 
24 hours after intradermal injection of experimental vein graft 
supernatant. 


posed subendothelial collagen is capable of activating plate- 
lets. This particular interaction may result in early vein graft 
thrombosis as a result of the adhesion and later aggregation of 
platelets to the site of the injured graft. In addition, the 
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activation of platelets is thought to play a central role in the 
development of fibrointimal hyperplasia. 

We have demonstrated (via a checkerboard analysis) that 
canine vein grafts distended to 200 mm Hg for 15 minutes with 
cold plasmalyte solution release NCFs when compared with 
control in situ cannulated veins. Biologic activity was demon- 
strated by the presence of neutrophils in the skin biopsy 
specimen obtained 24 hours after intradermal injection of the 


solution from vein graft preparations. Our results suggest a 
role of vascular tissue in the recruitment of neutrophils to 
implanted veins by releasing these potent chemoattractants. 
Further studies will be required to characterize these factors 
as well as to elucidate preparation techniques that will modify 
their release. 


We appreciate the technical assistance of Sue Hamilton and the help of Linda 
Christopher in preparation of the manuscript. 
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Surgical Anatomy Question 


() The flat muscles of the anterior abdominal wall are determined by the direction of their fibers. 


[True or False? ] 
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1. Grant JCB. A Method of Anatomy. 5th ed. Baltimore, Md: Williams & Wilkins; 1952:211. 
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Effects of Atherosclerosis on the 


Cutaneous Regional and Microcirculatory 


Response to Ischemia 


Richard W. Schwartz, MD; Hu Qing-Fu, MD; Nancy M. Logan; Daniel R. Richardson, PhD; Gordon L. Hyde, MD 


è The cutaneous vascular response to gravity load is abnor- 
mal in atherosclerosis. In this study we compared the macrocir- 
culatory and microcirculatory response to ischemia in athero- 
sclerotic smokers, nonatherosclerotic smokers, and healthy 
nonsmokers. Using videodensitometry, the capillary blood ve- 
locity of hallux nail fold capillaries was measured at rest and 
following 1 minute of ankle cuff occlusion. Blood-flow velocity of 
the dorsal metatarsal artery was measured by ultrasound Dopp- 
ler. Resting dorsal metatarsal artery velocity and capillary blood 
velocity of atherosclerotic subjects were lower than those of 
nonatherosclerotic smokers and nonsmokers. The dorsal meta- 
tarsal artery velocity and capillary blood velocity increased in 
each group following occlusion. Peak postocclusion dorsal 
metatarsal artery velocity was lower in the atherosclerotic sub- 
jects, but peak capillary blood velocity was not significantly 
different among groups. Atherosclerosis does not alter the 
mechanisms of reactive hyperemia in either the macrocirculation 
or the microcirculation. The magnitude of hyperemia is dimin- 
ished at the macrocirculatory level. 

(Arch Surg. 1990;125:485-488) 


I nresponse to varying physiological and pathological condi- 
tions, regulatory kanel normally control the distri- 
bution of blood in the body to meet the immediate require- 
ments of various tissues. Assessments of these mechanisms is 
an important index of a patients health. Previous studies 
have demonstrated that the arteriolar vasoconstrictor re- 
sponse to gravity-induced pressure changes (hydrostatic 
pressure loading) in the subcutaneous region of the lower 
extremity is attenuated in patients with intermittent claudi- 
cation’ and is completely absent in patients with rest pain.’ 
This has been attributed to a “flaccid” precapillary sphincter 
and is probably secondary to chronic transmural hypotension 
at the arteriolar level. Our laboratory has recently shown that 
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the cutaneous microcirculation of the atherosclerotic lower 
extremity also responds abnormally to hydrostatic pressure 
loading.’ 

It has also been shown that the macrocirculation in the 
lower extremities of atherosclerotic patients does not re- 
spond normally to induced ischemia,“ and our laboratory has 
reported a similar dysregulation at the microcirculatory lev- 
el. The inability to respond sufficiently to ischemia, especially 
at the microcirculatory level, may seriously compromise a 
patient’s ability to recover from stressful events, such as 
infection or trauma, in which healing is facilitated by localized 
hyperemia. 

Given that at least 90% of atherosclerotic patients are 
chronic smokers,’ it is important to determine whether smok- 
ing per se or atherosclerosis alters the regulation of blood flow 
through peripheral vessels. The purpose of the present study 
was to determine the arterial and cutaneous capillary re- 
sponse of a similar region to ischemia in the lower extremities 
of healthy nonsmokers, chronic smokers without evidence of 
atherosclerosis, and atherosclerotic patients who smoke. 


SUBJECTS AND METHODS 
Subjects 


Three groups of male subjects were studied. Group 1 consisted of 
18 nonsmokers with a mean age of 55 years. Group 2 was composed of 
17 habitual tobacco smokers (mean age, 51 years) with an average 
smoking history of 46 pack-years. These groups had resting systolic 
and diastolic blood pressures of less than 140 mm Hg and 90 mm Hg, 
respectively. The subjects were not receiving any medication that 
would affect the cardiovascular system, and no one demonstrated 
clinical evidence of peripheral atherosclerosis as determined by histo- 
ry or by standard noninvasive testing. 

Group 3 consisted of 10 atherosclerotic patients (mean age, 59 
years), with claudication or rest pain. These patients were habitual 
tobacco smokers with an average smoking history of 38 pack-years. 


Experimental Techniques 


Subjects were seated upright in a dental chair. The foot was placed 
in a holder on the stage of a videomicroscope (an Olympus epi- 
illumination microscope with a video camera attached) so that the 
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Group* Artery Artery Index 
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*ATS indicates atherosclerotic subjects; S, smokers; and NS, nonsmokers. 
tMeasurements are significantly different from measurements for ATS 
subjects (P<.001). 
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Dorsal Metatarsal Arterial Blood Velocity, cm/s 


Fig 1.—Dorsal metatarsal artery blood velocity. ATS indicates athero- 
sclerotic subjects; S, smokers; and NS, nonsmokers. 


hallux nail fold was under the objective. The resting systemic blood 
pressure (brachial artery pressure) and systolic pressure in the first 
dorsal metatarsal artery were measured. A capillary bed was 
brought into focus under the microscope and recorded on videotape 
for 5 minutes, during which time the blood velocity of the first dorsal 
metatarsal artery (DMA) was continuously recorded using Doppler 
ultrasound (Parks Doppler model 909, Parks Medical Electronics Inc, 
Beaverton, Ore). Skin temperature was monitored via a YSI 427 
probe placed on the dorsum of the foot and coupled to a YSI Model 
43TD Monitor (Yellow Springs (Ohio) Instruments) and maintained 
at 32°C by directing warm air above the foot and toes. 

After the data were collected at rest (preocclusion), pedal blood 
flow was completely occluded for 1 minute by inflation of a pneumatic 
cuff placed around the subject’s ankle. Macrocirculatory and micro- 
circulatory data were collected for 5 minutes following release of the 
cuff. 

Subsequent to the data collection, capillary blood velocity (CBV) 
was measured from the videotapes using a photometric analyzing 
system (Instruments for Physiology and Medicine, San Diego, Calif). 


RESULTS 


Data were reported as the mean (+SEM). Paired data 
were compared using the paired Student’s t test. The analysis 
of variance and modified Student’s £ test were used to deter- 
mine significance. 


Blood Pressure 
Systolic blood pressure in the first DMA and the toe/bra- 
chial pressure index of the group of atherosclerotic patients 
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Fig 2.—Mean percentage increase in dorsal metatarsal artery blood 
velocity during reactive hyperemia. ATS indicates atherosclerotic sub- 
jects; S, smokers; and NS, nonsmokers. 
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Fig 3.—Capillary blood flow velocity. ATS indicates atherosclerotic 
subjects; S, smokers; and NS, nonsmokers. 


was significantly lower (P<.001) than in either the smoking or 
nonsmoking groups (Table). 


DMA Blood Flow Velocity 


Postocclusion blood velocity was measured in the DMA 
following 1 minute of arterial occlusion in all groups. Both 
resting (preocclusion) and peak postocclusion blood velocity 
in the DMA was significantly lower (P<.05) in the atheroscle- 
rotic subjects than in either the smokers or nonsmokers (Fig 
1). The mean percentage increase in DMA blood velocity 
during reactive hyperemia was not significantly different 
among the three groups (Fig 2). 


Capillary Blood Flow Velocity 


Resting CBV in the atherosclerotic group was lower 
(P<.05) than in either the smoking or nonsmoking groups 
(Fig 3). A significant increase (P<.01) in CBV after occlusion 
was demonstrated in each group. Neither the mean percent- 
age increase in CBV (Fig 4) nor the peak CBV during capil- 
lary reactive hyperemia (Fig 3) were significantly different 
among the groups. 

The time between the end of occlusion and the peak value of 
reactive hyperemic capillary blood flow is termed time to 
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Fig 4.—Mean percentage change in capillary blood velocity during 
reactive hyperemia. ATS indicates atherosclerotic subjects; S, smok- 
ers; and NS, nonsmokers. 
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Fig 5.— Time to peak for capillary blood velocity. ATS indicates athero- 
sclerotic subjects; S, smokers; and NS, nonsmokers. 


peak. There were no significant differences among the three 
groups (Fig 5). 


COMMENT 


Effect of Atherosclerosis on the Regional 
Arterial Blood Flow Response to Ischemia 


The present data demonstrate that atherosclerotic patients 
have a resting DMA systolic blood pressure and blood velocity 
that are roughly one half and one third of those in the smoking 
and nonsmoking subjects, respectively. This result is consis- 
tent with previous studies.** The DMA blood velocity in each 
group demonstrated a similar response (marked increase) to 
occlusion in each group. Although the postocclusive peak 
hyperemic DMA velocity in the atherosclerotic patients was 
significantly lower than in the two control groups, the per- 
centage increase from resting flow was not significantly dif- 
ferent among the three groups. Thus, the lower peak hyper- 
emic DMA velocity for the atherosclerotic subjects was 
apparently due to a lower resting value in that group rather 
than a pathophysiologic change induced by atherosclerosis. 

Factors such as chronic smoking’ and intravascular pres- 
sure changes” have been postulated to affect the tone of 
smooth muscle in the arterial wall and, therefore, adversely 
affect blood flow. However, our data demonstrate that the 
physiologic response to occlusion in the DMA was virtually 
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identical in smokers and nonsmokers. Since the hyperemic 
response in all three groups was similar, it appears that DMA 
blood flow velocity is limited only by the degree of physical 
obstruction imposed by atherosclerotic plaque and not by 
vessel pathophysiologic factors. 


Effect of Atherosclerosis on the Cutaneous 
Microcirculatory Blood Flow Response to Ischemia 


Resting CBV in the atherosclerotic patients was signifi- 
cantly lower than for either of the nonatherosclerotic groups. 
This suggests that patients with significant atherosclerosis do 
not suffer solely from a reduction in the regional arterial blood 
flow. In most of these patients, the regulation of cutaneous 
microcirculatory blood flow is also significantly affected,** 
and the oxygen delivery capability of the cutaneous microcir- 
culation is relatively diminished." However, as in the macro- 
circulation, appropriate physiologic testing (ie, ischemia in- 
duction and hydrostatic pressure loading) is more indicative 
of relevant microcirculatory pathophysiologic factors than 
are resting flow parameters. 

The precapillary arteriolar sphincter controls blood flow to 
the superficial cutaneous capillaries. Although local metabolic 
and neural factors do affect the tone of the sphincter, the main 
control is myogenic in nature. Therefore, relative transmural 
hypotension (from ischemia) induces sphincter vasodilation, 
and relative transmural hypertension (from hydrostatic pres- 
sure loading) leads to sphincter vasoconstriction. We have 
demonstrated that the superficial cutaneous precapillary 
sphincter vasoconstrictor response in individual microvessels 
is markedly attenuated in atherosclerotic patients compared 
with both smoking and nonsmoking control subjects.’ Altered 
regulation of the atherosclerotic circulation has been corrobo- 
rated by other investigators.“ 

The data presented herein demonstrate that the vasodila- 
tor response in each of the three groups tested (atherosclerot- 
ic patients, smokers, and nonsmokers) is intact. During reac- 
tive hyperemia, the peak value of CBV was 148% and 141% 
more than the resting CBV in smokers and nonsmokers, 
respectively. Similarly, Fagrell et al” demonstrated a peak 
increase in CBV of 138% more than resting CBV in the nail 
fold capillaries of toes in healthy subjects. The reactive hyper- 
emic response of CBV in the atherosclerotic patients was 
similar to that of both the smoking and nonsmoking groups 
(Fig 3). 

These data conflict with our earlier report” demonstrating 
that the atherosclerotic microcirculation is unresponsive to 
acute ischemia. The discrepancy may be due to differences in 
experimental design. The level of the foot below the heart was 
better controlled (at 50 cm below heart level) in the current 
study than in the previous study, when the foot may have 
been in a more distal position. Although we have found that 
the vasoconstrictive response to gravity is altered in lower 
extremities of atherosclerotic patients, it still may influence 
the vasodilator mechanism. We are currently studying 
whether one mechanism overrides the other when a foot is 
both dependent and ischemic. 

It has been indicated that both myogenic and metabolic 
factors are involved in the regulation of cutaneous capillary 
blood flow following arterial occlusion. The hyperemic re- 
sponse after brief (1-minute) occlusions is largely of myogenic 
origin; metabolic factors are probably responsible for the 
prolonged hyperemia seen with longer durations of occlusion. 
It has been noted that vascular responses vary along the 
length of the arterial tree during reactive hyperemia.“ The 
small arterioles are primarily responsible for the decrease in 
network resistance and subsequent hyperemia following oc- 
clusion. Our data suggest that the myogenic vasodilator re- 
sponse of cutaneous arterioles remains intact. 
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Regulatory mechanisms may be different for total epider- 
mal blood flow and superficial capillary flow.” Under normal 
conditions, cutaneous blood flow exceeds the metabolic re- 
quirements of the tissue. The ratio between superficial and 
total skin flow may be approximately 1:10 at normal room 
temperature, primarily because the arterial anastomoses are 
the prime thermoregulators of the skin. In the reactive hyper- 
emic response, only superficial blood flow needs to be in- 
creased, since it is primarily nutritional in nature.” It is 
possible that the decreased reactive hyperemic response of 


total epidermal blood flow in atherosclerotic patients, as mea- 
sured by others using laser Doppler,’”” is accompanied by a 
relatively normal reactive hyperemic response in superficial 
capillaries because of arterial anastomoses closure. 

The present data suggest that the vasodilator response of 
the superficial cutaneous microcirculation to brief ischemia 
appears to remain intact in both smokers and atherosclerotic 
patients. 


This study was supported in part by grant 4B036 from the Tobacco and 
Health Research Institute, University of Kentucky, Lexington. 
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Unna’s Boot vs Polyurethane Foam Dressings 


for the Treatment of Venous Ulceration 


A Randomized Prospective Study 


Jeffrey R. Rubin, MD; Jeffrey Alexander, MD; Edward J. Plecha, MD; Cynthia Marman, RN 


è Recent reports have suggested that polyurethane foam 
dressings provide a more rapid and comfortable healing of ve- 
nous stasis cutaneous ulcerations than standard semirigid im- 
pregnated gauze dressings. This multi-institutional study con- 
sists of a randomized, prospective comparison of 36 consecutive 
patients who were treated with either polyurethane foam dress- 
ings (group 1, n= 17) or Unna’s boot (group 2, n= 19) for venous 
ulceration of the lower extremities. Ulcer size ranged from 6.0 to 
270 cm? (mean, 32.2 cm’) for group 1 and 0.2 to 600 cm’ (mean, 
76.0 cm’) for group 2. Nine (52.9%) of 17 group 1 patients with- 
drew from the study due to wound odor, while there was 100% 
compliance in group 2. Overall wound healing was superior in 
group 2 (18 [94.7%] of 19) as compared with group 1 (7 [41.2%] of 
17) (x’=8.2). The rate of healing was also better in group 2 (0.5 
cm’/d) than in group 1 (0.07 cm’/d). Contrary to published Europe- 
an trials, impregnated gauze dressings exhibited superior treat- 
ment results when compared with polyurethane foam dressings 
in the current study. 

(Arch Surg. 1990;125:489-490) 


enous stasis ulceration is a chronic and incapacitating 

disease that is believed to affect more than 500 000 
Americans.’ It is believed to result principally from incompe- 
tence of venous valvular function secondary to previous ve- 
nous thrombosis, congenital weakness, or long-standing vari- 
cose veins. This condition leads to an elevation of pressure in 
both the superficial and deep venous systems and leads to 
such typical signs of venous insufficiency as eczema, pigmen- 
tation, liposclerosis, superficial varicosities, edema, and skin 
ulceration. 

Patients with venous stasis ulceration are frequently inca- 
pacitated and unable to work. The need for recurrent, tempo- 
rary hospitalization, as well as the prolonged course of outpa- 
tient therapy, often results in a significant financial burden 
both to the individual and the community. 

A variety of topical wound preparations have been used to 
treat stasis ulcerations, including hot oils and waxes, animal 
membranes, and vegetable and mineral ointments.” For the 
past century, Unna’s boot, a gauze bandage impregnated 
with glycerin, zinc oxide, and calamine lotion has been set as 
the standard of treatment.’ Although efficacious, therapy 
with Unna’s boot has been limited by poor patient compliance 
due to local discomfort and limitation of movement, occasional 
contact sensitivity, and the need for weekly hospital or clinic 
visits for changes in dressings. 

During the past decade, new wound products have been 
developed in an effort to achieve a reliable and acceptable 
means of ulcer care.** Polyurethane foam dressing (PFD; 
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Synthaderm Armour Pharmaceutical Co Ltd, East Sussex, 
England) is a “synthetic skin” preparation consisting of a 
closed-cell polyoxyethylene glycol foam separating hydro- 
phobic and hydrophilic surfaces.“* European studies using 
this dressing, for the treatment of venous stasis ulcers, have 
indicated improved healing rates, healing of previously in- 
tractable ulcers, and greater cost-effectiveness as compared 
with standard impregnated gauze dressings.” 

This multi-institutional, prospective, randomized, blinded 
study was performed to compare the results of PFD vs Unna’s 
boot for the treatment of chronic venous stasis ulceration. 


PATIENTS, MATERIALS, AND METHODS 


During a 12-month period, 36 consecutive ambulatory patients 
with lower-extremity chronic venous stasis ulceration from the 
Cleveland (Ohio) Veterans Administration Medical Center, Univer- 
sity Hospitals of Cleveland, and Cleveland Metropolitan General 
Hospital were randomized in a blinded and prospective manner in 
either Unna’s boots or PFDs. Exclusion criteria consisted of a history 
of noncompliance, the presence of significant lower-extremity arteri- 
al insufficiency as determined by Doppler ankle-brachial pressure 
indexes of less than 0.8, and a history of significant associated medical 
risk factors such as collagen vascular disease, uncontrolled diabetes, 
other ongoing dermatologic disorders, and chronic corticosteroid 
therapy. At the time of enrollment, all patients underwent a complete 
history and physical examination, lower-extremity arterial segmen- 
tal pressure and pulse volume recordings, photoplethysmography, 
venous doppler flow, wound cultures, wound tracings and measure- 
ments, and photographic documentation of the wound. 

Each patient was randomized by the study coordinator to either a 
PFD or Unna boot dressing treatment protocol. The study coordina- 
tor did not see the randomization card and was therefore blinded as to 
the treatment cohort. All dressings were applied and removed by the 
individual hospital-based nursing personnel and all wounds were 
cleansed routinely with skin wound cleansing solution (Shur-Cleans, 
[20% Poloxamer 188] Merck & Co, St Louis, Mo). The nursing staff 
replaced the dressings in the prescribed manner, all patients having 
elastic bandages applied in an identical manner, from the toes to the 
knees. Dressing changes were scheduled on a weekly and/or biweekly 
schedule at which time the wounds were carefully mapped and wound 
areas calculated by the study coordinator after dressing removal and 
extremity cleansing. If elastic rewrapping was required between 
scheduled hospital visits, this was either performed at home or the 
patient was returned to the Medical Center for treatment. 

As per institutional review board protocol, all patients were care- 
fully instructed regarding the nature of the study, as well as the need 
for leg elevation, the signs and symptoms of wound complications, 
and the need for strict follow-up compliance. All data regarding the 
change in ulcer size were analyzed in terms of rate of healing (square 
centimeters per day) and was interpreted using x” analysis and 
Student’s t test methods. 


RESULTS 


Seventeen individuals were randomized to PFD (group 1) 
and 19 were randomized to Unna’s boot (group 2). At the time 
of initial presentation, ulcer size ranged from 6.0 to 270 em” 
(mean, 32.2 em’) for group 1 and 0.02 to 600 cm* (mean, 76.0 
em’) for group 2 limbs (P = .03, Student’s t test). 

Initial bacterial culture results were positive in 13 (76.4%) 
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of 17 limbs from group 1 and 12 (63.1%) of 19 limbs from group 
2, and are listed in the Table. This difference was not statisti- 
cally significant. 

During a total 12-month randomization and follow-up peri- 
od, 9 (52.9%) of 17 patients of group 1 withdrew from the 
study due to wound odor, while there was 100% compliance in 
individuals of group 2. There were no wound complications in 
either group that necessitated hospital admission or cessation 
of therapy, although of the 9 patients of group 1 who withdrew 
from the study, 6 experienced enlargement of the ulceration 
during the treatment period. Complete wound healing was 
superior in 18 (94.7%) of 19 individuals of group 2, when 
compared with 7 (41.2%) of 17 of those of group 1 (x’=8.2, 
P<.005). When those who withdrew from the study were 
excluded from analysis, the incidence of complete wound 
healing was similar (group 1, 7/8 [87.5%]; group 2, 18/19 
[94.7%]). Overall wound healing rates while patients were 
enrolled in the study, were significantly better in group 2 (0.5 
cm’/d) than in group 1 (0.07 em*/d) (P = .004, Student's t test), 
this difference due mainly to the incidence of ulcer enlarge- 
ment in 6 of 19 patients of group 1 prior to their withdrawal 
from the study. 


COMMENT 


The overall management of lower-extremity skin ulcer- 
ation due to venous insufficiency must be directed both to- 
ward healing of the lesion and treatment of its underlying 
cause. Healing of the ulcer may be enhanced by manipulation 
of local tissue factors to maximize tissue regeneration and 
epidermal coverage. Active alteration of the local environ- 
ment can be achieved by means of the topical dressing. 

The ideal dressing must have the ability to maintain tissue 
humidity and insulate against loss of heat so as to promote 
tissue growth. In addition, it must be sufficiently absorbent to 
remove exudate and nonviable components of the wound. It 
also must inhibit bacterial growth and provide protection 
against secondary infection, and prevent trauma to the 
wound itself. Finally, this dressing must be acceptable for 
patient use. This would require its easy handling, lack of 
allergic or hypersensitivity reactions, and adequate absor- 
bance. 

Polymer dressings, including PFD, have been noted for 
their ability to minimize fluid and heat loss, and bacterial 
penetration.**"*” Their occlusive nature has also been shown 
to increase the rate of epithelialization through “moist wound 
healing.” Exudate is held within the foam component of the 
dressing. This leads to autolytic rather than mechanical 
wound débridement, which has been believed to be less trau- 
matic to early granulation tissue. An additional advantage to 
this dressing has been an associated reduction in local 
discomfort.’ 

In the present study, the theoretical advantages of PFDs 
were not realized. Excessive malodorous drainage resulting 
from autolytic wound débridement required frequent dress- 
ing changes during the initial period of usage and led to the 
withdrawal of more than half of the study patients assigned to 
this dressing modality. This compared poorly with the uni- 
form compliance seen in patients with Unna’s boot dressings. 
In addition, the calculated rate of ulcer healing was signifi- 
cantly better in those patients treated with paste bandages 
rather than PFD. 

While the difference in wound healing between the two 
groups is not clearly understood, it is believed that in this 
ambulatory population, adequate compression of the lower 
extremities, to reduce venous pressure, is an essential com- 
ponent in the treatment of stasis ulceration. Active manipula- 
tion of the local wound environment with hydroactive dress- 
ings, without rigid or semirigid casting as is achieved with 
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Isolates Obtained From Pretreatment Wound Cultures 
OF 


Frequency 


isolate Group 1 Group 2 
Escherichia coli 
Pseudomonas 
Klebsiella 
Proteus 
Streptococcus 
Enterobacter 


Oral an 


5 
2 
2 
2 
2 
2 
1 


Unna’s boots, may be insufficient to accomplish this end. As 
suggested by Kikta et al,” the abnormality of hemodynamics 
associated with venous insufficiency must be addressed con- 
currently. Dressings that do not provide sustained compres- 
sion would require a motivated, compliant patient population 
that can adjust the frequency of dressing changes, and contin- 
ue to maintain decreased venous pressures with leg elevation, 
since the use of elastic wraps probably do not provide ade- 
quate compression. For those patients who are unable or 
unwilling to meet these demands, Unna’s boot may still be the 
dressing of choice. 


The authors use the term Unna’s boot in a generic sense. 
Unna’s paste described by a dermatologist, Paul Gerson 
Unna (1850-1929), is a mixture of gelatin, zinc oxide, and 
glycerin. Unna’s paste is no longer commercially available 
and has been replaced by other easily applied bandages con- 
taining glycerin, sorbitol, gelatin, magnesium aluminum 
silicate, zinc oxide, and calamine. — ED. 
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Festschrift for George H. A. Clowes, Jr, MD 





In Memoriam: 


George H. A. Clowes, Jr, 


1915-1988 


George H. A. Clowes, Jr, MD, who died September 10, 
1988, was indeed an admirable and remarkable man whose 
surgical career was inflvential in germinating many of the 
critical movements in American surgery and surgical re- 
search. He was born in Buffalo, NY, in 1915, the child of a 
distinguished British-American scientist who was himself 
instrumental in translating the monumental discovery of in- 
sulin by Banting and Best into a purified and stable compound 
that could be administered as a therapeutic agent for the 
treatment of diabetes. — 

Stimulated by his heritage, George studied hard and 
achieved Harvard College (BS, 1937) and Harvard Medical 
School (MD, 1941), and completed his surgical residency at 
the Fifth Harvard Surgical Service and the Massachusetts 
General Hospital (1948). His interest in fundamental prob- 
lems in physiology and biochemistry led him to spend two 
separate periods of research fellowship, one in 1942 with Dr 
Cecil Drinker at the Harvard School of Public Health, and the 
second, after serving with distinction inthe US Army Medical 
Corps during World War II, with Prof Charles Best in the 
Department of Physiology at the University of Toronto from 
1949 to 1951. Thus, extraordinarily prepared for a career in 
academic surgery, he moved on to Case Western Reserve 
University, Cleveland, Ohio, where he served from 1951 until 
1962, eventually becoming surgeon-in-charge of the Thoracic 
Surgical Service at the Cleveland Metropolitan Hospital. Fol- 
lowing his career in Cleveland, he moved again to become 
professor and chairman of the Department of Surgery at the 
Medical College of South Carolina, Charleston. After a brief 
period there, he completed the academic circuit back to Bos- 
ton, Mass, where he assumed the directorship of the Metabol- 
ic Division of the Sears Surgical Laboratory and became 
director of medical education at the Fifth (Harvard) Surgical 
Service of the Boston City Hospital. He also became professor 
of surgery at the Harvard Medical School, eventually moving 
to the New England Deaconess Hospital where he remained 
active in research as professor emeritus of surgery at the 
Harvard Medical School. 

In the course of professional life, George Clowes 
achieved many distinguished honors, including service on a 
number of the ee committees of the American Col- 
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George H. A. Clowes, 
Jr, MD 





lege of Surgeons, consultancy to the Surgeon General of the 
United States on the advisory committee on metabolism of 
trauma, and culminating in the first vice presidency of the 
American Surgical Association. He was also active in the life 
of Harvard University, serving on its board of overseers 
visiting committee on biology and related research facilities 
from 1962 to 1965, as well as on a number of editorial boards of 
distinguished clinical journals. 

However, the mere chronicle of his career fails to do justice 
to the imagination, drive, and breadth of interests of the man. 
The good fortune of George’s economic and educational inher- 
itance could have induced him to lead a life of gentle ease as 
the accomplished yachtsman and patron of the arts that he 
was. However, his drive for intellectual satisfaction and his 
commitment to the generation of new knowledge in the fields 
of surgery and surgical research led him to be continually 
productive and creative of new ideas—and in some instances 
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new devices—that helped shape the present directions of 
American surgery. 

George Clowes had a remarkable ability to abstract from 
experience to generate a new perspective on an old problem. 
While still in Cleveland, he utilized his dissatisfaction with the 
then available bubble oxygenator to evolve a new clinical 
membrane oxygenator that was capable of satisfying the 
oxygen delivery requirements of adult humans. Indeed, it 
was the success of this clinical instrument that provided one of 
the major stimuli to the development of the membrane oxy- 
genators presently being used for extended extracorporeal 
circulation. His interest with oxygen delivery and tissue per- 
fusion led to a careful study of the relationship between blood 
flow and oxygen tension in the various critical organs of the 
body. In turn, these basic experimental studies led him to 
explore the human circulatory response to the trauma of 
surgery and to the study of the human adaptive responses to 
sepsis and respiratory insufficiency. His careful and thought- 
provoking series of human physiologic studies of the critically 
ill surgical patient did much to focus our attention on the need 
to maintain a compensatory hyperdynamic state in response 
to injury and sepsis. Moreover, in George Clowes’ typical 
investigative way, this new information caused him to leap- 
frog from observations of the physiologic adaptation to injury 
to the study of the metabolic responses to trauma, sepsis, and 
cirrhotic liver disease. These metabolic investigations pro- 
duced an extraordinary series of research conclusions related 
to trauma- and sepsis-induced muscle proteolysis and its in- 
terrelationship to hepatic protein synthesis. 

By the time most investigators have reached their retire- 
ment from regular duties in academic surgery, their ideas and 
productivity have often also diminished. However, in George 
Clowes’ case, perhaps his most creative scientific work was 
achieved in the last years of his career, after he became 
professor emeritus of surgery. These studies were directed at 
the characterization of the physiologic and metabolic immuno- 
logic actions of interleukin 1 and the demonstration of an 
active circulating mediator that could induce muscle proteoly- 
sis and stimulate hepatic protein synthesis. While the con- 
temporary work of others has gone beyond these beginnings, 
unquestionably the pioneering demonstration of these media- 
tors released by wounding and shock served to focus the 
attention of the surgical academic community on these phe- 
nomena and to open the gateway into a hitherto poorly ex- 
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plored area of surgical research. George Clowes’ educational 
work continued up until the time of his final illness, and in the 
year before his death, he edited his last major work, a book 
entitled, Trawma, Sepsis and Shock: The Physiologic Basis 
of Therapy. 

George Clowes’ intellectual pursuits encompassed a broad 
area. In addition to his medical interests, he was active in the 
Woods Hole Oceanographic Institute and was a trustee of the 
Sea Education Association. He was also a devoted patron of 
the arts, serving as a trustee of the Boston Symphony Orches- 
tra and vice president of the board of the Opera Company of 
Boston. He was also active in his church, where he headed the 
building committee for the St Dunstan’s Episcopal Church of 
Dover (Mass). Most importantly, he was a devoted husband 
and father whose life and works stimulated his own children 
into academic careers. 

However, perhaps George Clowes’ most outstanding con- 
tribution in his busy lifetime of scientific and professional 
achievement was his stimulation and encouragement of his 
colleagues and trainees in the art of scientific surgical re- 
search. He had the capability to raise new ideas and to chal- 
lenge old ones in a friendly yet thoughtful manner, which 
indicated an interest in the problem, as well as a commitment 
to his own point of view. He was a good friend as well as a good 
colleague to many of us now active in surgery, and an excel- 
lent mentor to his trainees and fellows. It is in recognition of 
his accomplishments and in the hallowed tradition of “hail and 
farewell” that the senior authors of this memorial festschrift 
and his admiring colleagues salute his memory. 


JOHN H. SIEGEL, MD (festschrift editor) 
Baltimore, Md 

WILLIAM V. MCDERMOTT, MD 
GLENN D. STEELE, MD 
DOUGLAS W. WILMORE, MD 
ERWIN F. HIRSCH, MD 

ROGER L. JENKINS, MD 
Boston, Mass 

Louis R. M. DELGUERCIO, MD 
Valhalla, NY 

JOSEF E. FISCHER, MD 
Cincinnati, Ohio 

FRANK B. CERRA, MD 
Minneapolis, Minn 
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e Alterations in gene expression associated with colorectal 
cancer have been difficult to study because mucosal cell progen- 
itors are not available in culture. We therefore examined specific 
genes in approximately 100 human colon cancer cell lines using 
complementary DNA probes and found profound alterations and 
heterogenity of gene expression in human colorectal carcinoma. 
Our data imply that understanding human colorectal cancer will 
not be accomplished by studying one or two oncogenes in a 
limited number of cell lines or fresh human tissue. More appropri- 
ate postulates of transformation to dictate experimental design 
may include the investigation of proposed three-dimensional 
structural changes of interface chromatin or other generalized 
structural relationships that could predispose to an aberrant 
gene expression program during transformation. Furthermore, 
focusing on mechanisms of initiation and defining the molecular 
genetic markers of gastrointestinal mucosal initiation should 
lead to a more focused set of genetic, rather than epigenetic, 
mechanisms that underlie oncogenic transformation. 

(Arch Surg. 1990;125:493-497) 


olorectal carcinoma (CRC) is a leading cause of death 

from cancer. More than 147 000 new cases of colon carci- 
noma were expected in 1989 in the United States. Since we 
have no effective systemic therapy, current diagnostic tech- 
niques find fewer than half of the cases early enough to be 
cured by surgery. | 

Overwhelming evidence suggests that all cancer, including 
CRC, is associated with aberrant gene expression. However, 
very little is known about qualitative or quantitative alter- 
ations in the expression of specific genes in human cancer. We 
do not know the number of genes involved or the extent of 
alteration in each gene. Human colon cancer is further compli- 
cated because the carcinoma cells may be derived from nu- 
merous sources in the bowel mucosa, ie, more than a single 
gastrointestinal mucosal stem cell may be transformed. Ac- 
tively proliferating cells of different lineage and degree of 
differentiation may represent different stages of maturation 
from a single stem cell or have resulted from malignant trans- 
formation of a variety of gastrointestinal mucosal stem cells. 
Since none of these purported normal mucosal cell progeni- 
tors can readily be grown in culture, the identification of 
specific genes with aberrant expression in transformed colon 
and rectal cells is hampered. 

We have, therefore, taken an approach based on available 
reagents. More than 100 human colon carcinoma—derived and 
rectal carcinoma-derived cell lines have been established.’ 
These cell lines share common characteristics of colon origin 
but exhibit a spectrum of cellular phenotypes. Some pheno- 
types are expressed only by a small number of cell lines. For 
example, colon antigen a is expressed only by 4 of 26 cell 
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lines, colon-specific antigen a in 2 of 17 cell lines tested,’ and 
aberrant mitochondrial oxidative phosphorylation in 2 of 60 
cell lines examined.” Other phenotypes are expressed by most 
cell lines. For example, a carcinoembryonic antigen-like epi- 
tope recognized by ND-1 monoclonal antibody is expressed by 
almost all human colon carcinoma cell lines.” Likewise, anti- 
gen recognized by ND-4 monoclonal antibody is expressed by 
a majority of colon cell lines tested, including less-differenti- 
ated CRSs.* 

Occasionally, gradations of a transformed phenotype in a 
series of cell lines can be detected. For example, carcinoem- 
bryonic antigen is expressed abundantly by four well-differ- 
entiated cell lines, moderately by six moderately differenti- 
ated cell lines, and poorly by 11 poorly differentiated cell 
lines. ` These cell lines, therefore, can be a rich source for the 
identification of genes whose expressions are altered in colon 
cancer despite the obvious artifacts of tissue culture selection 
and adaptation. 

In the absence of normal cells for comparison we have 
reasoned that if the expression of a given gene varies signifi- 
cantly among a series of cell lines, this gene can be of interest 
because either normal cells express the gene also, and, thus, 
those cancers that do not express the gene would represent an 
aberration of repression, or normal cells may not express the 
given gene and those cancer cells that do express it would 
represent an aberration of derepression. From a collection of 
such genes we have postulated that some may be useful in 
understanding clinically recognizable abnormal behavior of 
cancer cells, such as increased invasiveness, site-specific me- 
tastasis, or extremes of morphologic differentiation (ie, those 
relatively rare categories of poorly differentiated or mucinous 
colon and rectal carcinoma). We also speculate that some of 
the genes found might provide novel targets for new diagnos- 
tic or perhaps even therapeutic approaches. Most recently, 
with the advent of polymerase chain reaction technology the 
expression of such genes revealed by the above tissue culture 
screening approach can be verified by comparing normal and 
tumor cells in fixed-tissue specimens. 

We have begun a systematic search for genes with aberrant 
expression in human colon cancer by using two foci: (1) mark- 
ers we suspect to be related to differentiation and (2) already 
known proto-oncogenes. By accumulating information from 
more than 100 available human CRC cell lines, we have begun 
to build a framework that implies the molecular genetic com- 
plexity of human colon and rectal mucosal transformation and 
that may already be revealing genes specifically involved in 
uncontrolled growth, invasion, and site-specific metastasis. 


MATERIALS AND METHODS 
Human Colon Carcinoma Cell Lines 


The following human colon carcinoma cell lines were used: clone A 
and clone D, subclones of DLD-1, MIP101, CX-1, RCA, HCT116b, 
Gly, CBS, Moser, HT29, CL187, CCL220.1, CCL222, CCL224, 
CCL227, CCL228, CCL229, CCL233, CCL234, CCL237, and 
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HTB39. All of these cell lines have been well characterized and are 
documented to be of human colon or rectal cancer origin. All were 
grown in 50% Dulbecco’s modified Eagle medium (GIBCO, a subsid- 
iary of Life Technology, Gaithersburg, Md) and 50% RPMI 1640 
medium (GIBCO), supplemented with 10% fetal calf serum (MA 
Bioproducts, Walkersville, Md) and 1% Nutridoma NS (Boehringer 
Mannheim, Indianapolis, Ind) at 37°C with 5% carbon dioxide and 
100% humidity. 


Northern Blot Analysis 


The total RNAs (15 yg) isolated by the methods of Cox’ and 
Strohman et al’ were subjected to electrophoresis in agarose gels 
containing formaldehyde and transferred to GeneScreen Plus (Du- 
Pont) according to Seed.’ Cytochrome oxidase I was used as a control 
to ensure that RNA was not degraded. Recombinant plasmids were 
prepared by alkaline lysis and CsCl gradient centrifugation. Plasmid 
DNA was purified and digested with Pst I. After electrophoresis, the 
complementary DNA insert was eluted with LID/X filter syringes 
(Xydex), extracted with phenol/chloroform, concentrated by ethanol 
precipitation, and suspended in TRIS-hydroxymethyl-amino meth- 
ane/ethylenediamine tetraacetic acid buffer.” Nick-translated, 
“P-labeled complementary DNA insert was used to hybridize blots 
on GeneScreen. Specific activities of the DNA probes were approxi- 
mately 2-5 x 10° epm/yg of DNA. Densitometry was made with an 
LKB UltroScan XL Laser Densitometer (LKB, Piscataway, NJ). 


GENES THAT RELATE TO KNOWN OR SUSPECTED 
BIOLOGIC FUNCTION 


Laminin-Binding Protein mRNA Expression 


Laminin is a major constituent of basement membrane from almost 
all tissues and has been implicated in cell adhesion, morphogenesis, 
mitogenesis, differentiation, and metastasis. It has also been sug- 
gested that many of the effects of laminin are mediated by a laminin 
receptor, a 67 000-cell surface glycoprotein. A laminin-derived penta- 
peptide recognized by the laminin receptor has been demonstrated to 
inhibit metastasis of melanoma in an animal model system.’ We 
recently cloned a 1.2-kb full-length complementary DNA encoding 
sequences identical to the sequences suggested for the 67 000 laminin- 
binding protein. The expression of this 1.2-kb mRNA is approximate- 
ly twofold to ninefold more abundant in human colon carcinoma than 
in adjacent normal colonic epithelium. We investigated the expres- 
sion of laminin-binding protein mRNA in the cell lines. Figure 1 and 
the Table show that essentially all human colon carcinoma cell lines 
tested express significant levels of this mRNA except CCL234, a 
mucin-producing, well-differentiated, rectal adenocarcinoma cell 
line. Based on the amount of the total RN As analyzed, the expression 
of 1.2-kb mRNA in the cell lines is comparable with that of the 
surgical specimens obtained. 


Metallothionein Il mRNA Expression 


Metallothioneins (MTs) are a family of cysteine-rich, cytoplasmic 
proteins of low molecular weight capable of heavy metal binding. 
They are encoded in humans as a 12-gene family in chromosome 16. 
Their expression has attracted attention because of their inducibility 
by heavy metal and glucocorticoids (both used in various chemothera- 
peutic approaches to solid and nonsolid human tumors). The main 
function of MT is now widely believed to be in heavy metal detoxifica- 
tion, storage, and metabolism, although it may also play a role in cell 
growth and differentiation. We recently cloned MT-II complemen- 
tary DNA with a full-length coding region (E.N.R., H.Y., D. Kelly, 
et al, unpublished data, 1988). Similar to villin, we expected that all 
colon carcinoma cell lines would express abundant mRNA for MTs 
since normal colonic epithelium is constantly encountering heavy 
metals, and MTs are known to be present in large amounts. Surpris- 
ingly, among the cell lines examined, only three (RCA, CCL228, and 
HCT116b) expressed abundant MT-II mRNA, one (CCL225) a mod- 
erate amount, and nine with detectable levels of MT-II mRNA, but 
the levels were below the level of detection or in 15 cell lines MT-II 
mRNA was not detected under the conditions used (Fig 2 and the 
Table). Metallothioneins, like villin, have been perceived as a house- 
keeping protein for normal colonic epithelial cells. Such a dramatic 
reduction inmRNA expression may reflect the fact that in some colon 
carcinomas the degree and extent of alteration in gene expression far 
exceed our expectations. 
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Villin mRNA Expression 


In the microvilli of colonic epithelial cells, actin bundles are an- 
chored to each other and to the plasma membrane by several pro- 
teins. One of them is villin, a 95-kd actin-binding protein. Villin plays 
one of the most critical roles in the formation and maintenance of 
microvilli. Villin is expressed exclusively in intestine and kidney 
proximal tubule. Based on previous reports, villin should be ex- 
pressed by all colonic epithelial cells. 

We have isolated a villin complementary DNA clone using rabbit 
antivillin antibodies (S.D., E. L. Shepherd, H. S. Chen, et al, unpub- 
lished data, 1989). Amino acid sequence deduced from DNA se- 
quences is identical with the published amino acid sequence of villin. 

Northern blot analysis of a series of human colon carcinoma lines 
with villin complementary DNA is summarized in the Table. The 
majority of cell lines expressed a significant amount of villin mRNA 
as expected. At the highest levels are CX-1, CCL237, GLY, and 
CL187; at intermediate levels, clone A, MIP101, RCA, HT29, 
CCL222, CCL224, CCL225, CCL227, HTB87, and CCL234. Surpris- 
ingly, several cell lines express little or no villin mRNA, including 
CCL220, CCL220.1, CCL221, CCL228, CCL229, CCL231, CCL247, 
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Fig 1.—Northern blot analysis of laminin-binding protein mRNA ex- 
pression by various cell lines. 
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clone D, Moser, HCT116b, 320, and HTB39. The densitometric scans 
show that the expression of villin mRNA may vary by more than 
10-fold. 


RESULTS 


These results suggest that highly aberrant gene expres- 
sions may have taken place in the cells expressing little villin 
since even fewer differentiated normal colonic epithelial cells 
express villin significantly. Either these cells have dediffer- 
entiated to the extent that the expression of such housekeep- 
ing proteins is turned off or these cell lines originate from the 
transformation of stem cells that may never have expressed 
villin. If the latter is the case, studies on low producers of 
villin may lead to useful markers for the identification of stem 
cells. If the former postulate is correct, this is an extreme 
example of the alteration of gene expression in certain colon 
and rectal cancer cells. Using villin as an indicator, one would 
suspect that some colonic epithelial cells may stop or drasti- 
cally reduce the expression of other housekeeping proteins at 
the time of or after transformation as well. Since we had 
expected that all colon carcinoma cell lines would express 
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Fig 2.—Northern blot analysis of metallothionein Il mRNA expression 
by various cell lines. 
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abundant villin mRNA, our unsuspected findings here influ- 
ence our perception of the complexity of the molecular genetic 
effects of the transformation process. 


Epidermal Growth Factor—Receptor mRNA Expression 


Numerous human carcinomas have recently been shown to 
express increased epidermal growth factor (EGF) receptor. 
We have used complementary DNA encoding EGF receptor 
to probe mRNA expression by various colon carcinoma cell 
lines. The Table shows that the expression is high in cell lines 
CCL228, CCL229, CCL231, CCL233, RCA, and Moser; mod- 
erate in clone A, CX-1, clone D, HCT116b, CCL221, CCL225, 
CCL247, CCL187, and HT29 cells; and very low or undetect- 
able in CCL227, CCL222, CCL237, CBS, 320, HTB39, GLY, 
CCL234, and HTB37 cells. Thus, an aberrant expression of 
EGF-receptor mRNA does take place in some colon carcino- 
ma cell lines. A few lines express abundant levels comparable 
with human vulvar carcinoma line A431, one of the highest 
producers previously identified. 

Levels of mRNA detected by 5’ probe and 3’ probe are 
different. Some may have truncations at the 5 or 3 end since 
various mRNA sizes are detected in these Northern blots. 
Whether these multiple messages all lead to functional EGF 
receptors awaits further investigation. 

In some carcinomas we cannot rule out the possibility that 
aberrant translational controls on EGF-receptor mRNA may 
occur and lead to higher levels of protein expression than 
expected. The CX-1 has a moderate level of EGF-receptor 
mRNA but its cell surface expression of EGF receptor re- 


Gene Expression in Colon Carcinoma Cell Lines* 
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mains the highest among all human colon carcinoma cell lines 
examined thus far.” 

When the expressions of EGF-receptor mRNA and villin 
mRNA by various cell lines are compared (Table), we find 
that most of the cell lines expressing abundant EGF-receptor 
mRNA have low levels of villin mRNA and vice versa. Al- 
though there is a group of cell lines that expresses a signifi- 
cant amount of both mRNAs, the dichotomy of villin vs EGF- 
receptor expression may be more than coincidental. The 
driving force responsible for low villin expression and high 
EGF-receptor expression may have originated in the paren- 
tal normal cells. If low villin producers are the transformation 
derivatives of stem cells, these stem cells may be in the 
mitotic cycle. If EGF is one of the growth factors for colonic 
epithelial cells, as it probably is, an increased EGF-receptor 
expression on the cell surface may endow them with selective 
advantages for growth. Thus, it is worth exploring whether 
the phenotype of low villin but high EGF-receptor expression 
can help identify one category of normal colonic stem cells that 
may be predisposed to transformation. Alternatively, both 
phenotypes may be the result of transformation and may not 
be represented among normal colon or rectal mucosal progen- 
itors. If this is the case, then certain colon carcinomas may 
possibly undergo drastic alterations in their gene expression 
program, leading to the turning on of the EGF-receptor gene 
and the turning off of the villin gene. If so, one might predict 
that many other genes are affected similarly in transformed 
colon and rectal carcinoma. 


KNOWN OR SUSPECTED PROTO-ONCOGENE mRNA 
EXPRESSION (neu, fos, AND H-ras) 


The C-erb B-2/neu gene encodes a product sharing some 
homology with the EGF receptor. A mutated form has been 
demonstrated to be an oncogene.” We have used its comple- 
mentary DNA probe to compare the expression of mRNA 
among the CRC cell lines. The Table shows that its expression 
does not correlate with that of the EGF receptor. Some lines 
express a significant amount of C-erb B-2/neumRNA, where- 
as others express little or none. 

Although v-fos is able to cause transformation of NIH 3T3 
cells, the association between activated fos oncogene and 
human cancer has not yet been reported and it has not been 
claimed that overexpression of c-fos mRNA occurs in human 
cancer. Unexpectedly, we have found that CCL187 and 
CCL228 (and to a lesser degree CCL233 and HTB39) overex- 
press fos mRNA (Fig 3). None of the other 24 cell lines tested 
overexpress this gene. The role of c-fos mRNA in these colon 
carcinoma cell lines is being investigated. Interestingly, v-fos 
causes the increase in uptake and retention of rhodamine 123, 
a mitochondria-specific fluorescent dye that may be of partic- 
ular interest in distinguishing between normal colonic epithe- 
lial cell lines and colonic and rectal carcinoma phenotypes. All 
four cell lines that overexpressed c-fos mRNA also expressed 
the phenotype of increased uptake and prolonged retention of 
rhodamine 123.” 

Activated ras has been implicated in more than 25% of 
human colon cancers. However, less understood is whether 
ras (either c-ras or activated ras) shows increased expression 
atan MRNA level. Using northern blot analysis with c-H-ras, 
we have found that MIP101, CCL221, and HCT116b signifi- 
cantly express more mRNA for c-H-ras than most other 
human carcinoma cell lines tested (Fig 4), including many 
tested among our own colon and rectal carcinoma array. 


COMMENT 


Since little is known about the alterations of gene expres- 
sion in human colon and rectal cancer, and since normal 
progenitors are not available, we have attempted to describe 
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Fig 3.—Northern blot analysis of c-fos mRNA expression by various 
cell lines. 


alterations with specific categories of complementary DNA 
probes derived from human CRC cell lines. These lines exhib- 
it differences in their lineage, degree of differentiation, tu- 
morigenicity after implantation in nude mice, histology of 
tumors induced in nude mice, CEA production, and in various 
transformed phenotypes in culture. Based on the results 
presented in this report, we can conclude that profound alter- 
ations in gene expressions occur in human CRCs. The degree 
and extent of alterations have exceeded our expectations. 
Our findings suggest that human colon cancer may repre- 
sent an extremely heterogeneous disease. Thus, understand- 
ing CRC may not be accomplished by studying one or two 
oncogenes in a limited number of cell lines or fresh human 
tumor tissue. Each case of colon cancer may present a unique 
individuality and even within each individual tumor heteroge- 
neous cells with a variety of phenotypes may be the result of a 
greatly altered expression of different genes. Cell lines de- 
rived from single tumors will likely not show genetic changes 
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Fig 4.—Northern blot analysis of C-H-ras mRNA expression by vari- 
ous cell lines. 


common among all CRCs. Rather, the molecular genetics 
described probably represent clonal populations within a het- 
erogeneous tumor. Each case of colon cancer would therefore 
be a composite or a sum of any number of such cell line 
phenotypes. Such a scenario not only presents a difficult 
biologic problem but also predicts the improbability of finding 
a common phenotype for all tumor cells with common histolo- 
gy that can be used as a target for single-agent therapeutic 
intervention. From these initial findings we predict the need 
to describe a bank or library of biologic targets to be exploited 
simultaneously for effective treatment. 

Our data showing that the expression of housekeeping 
proteins may also be affected by transformation imply that 
the scope of such molecular genetic alterations is large and 
will be difficult to predict. If such fundamental regulations can 
be altered, it is not surprising that one consequence is uncon- 
trolled growth. Since we have seen that some of our tumor cell 
lines overexpress proto-oncogenes and others underexpress 
them, and since the variation of such patterns approaches 
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infinity, we need to rethink our basic concept of transforma- 
tion and tumor progression. The continued identification of a 
limited number of genes that might be transformation related 
will likely be as unproductive as the search for cell surface 
expressed markers that were initially touted as “tumor spe- 
cific.” Alterations in gene expression described here seem 
unlikely to be induced by a few oncogenes. Perhaps more 
productive postulates of transformation might include inves- 
tigation of proposed three-dimensional structural changes of 
interphase chromatin. Such structural shifts could predispose 
to an overall expanded gene expression program. When such 
a structure is altered in the course of carcinogenesis, gene 
expression could, in turn, be altered in the above described, 
unpredictable way. 

In addition, the challenge of focusing on genetic changes in 
cells that have already undergone transformation may be 
complicated by the fact that we are looking at the downstream 
heterogeneity of epiphenomena. Perhaps focusing on mecha- 
nisms of initiation and defining the molecular genetic markers 
of gastrointestinal mucosal initiation would lead to a more 
focused set of genetic mechanisms rather than epigenetic 
consequences. These speculations will be enhanced by the 
meticulous application of presently available molecular bio- 
logic techniques to already available reagents as described in 
this report. Selective application of interesting findings to 
paired specimens of freshly obtained CRCs or premalignant 
bowel epithelium and normal colonic tissue as well as to 
paraffin-fixed tissues of interest will be our next step. 


This study was supported by grants P01CA44704, T32CA09580, 
P01CA19589, and P01CA22427 from the National Cancer Institute, Washing- 
ton, DC. 

The rabbit antivillin antibodies were provided by Paul Matsudaira, PhD. The 
human colon carcinoma cell lines were gifts of Daniel Dexter (Dupont Company 
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DLD-1]), Norman Zamcheck (Mallory Institute of Pathology, Boston, Mass 
[MIP101]), Sam Bernal (Dana-Farber Cancer Institute [CX-1)}), Michael Brat- 
tain (Baylor College of Medicine, Houston, Tex [RCA, HCT116b, Gly, CBS, 
and Moser]), and the American Type Culture Collection, Rockville, Md (HT29, 
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Karly Physiologic Predictors of Injury 


Severity and Death in Blunt Multiple Trauma 


John H. Siegel, MD; Avraham I. Rivkind, MD; Samir Dalal, MD; Shirin Goodarzi, MS 


è The importance of admission physiological and biochemical 
variables was modeled on data from 185 patients with blunt liver 
trauma with regard to their significance in prediction of mortality. 
The variables used were admission Glasgow Coma Score, base 
excess (or deficit), arterial lactate, Injury Severity Score, and 
initial 24-hour volume of blood required for replacement. Each 
variable was modeled as a predictor of survival alone and in 
combination, using a linear logistic model. In any two-variable 
combination, Glasgow Coma Score had a high likelihood ratio for 
prediction representing the influence of brain injury. But as a 
single variable reflecting the probability of death, both base 
excess (LD,, = — 11.8 mmol/L) and initial 24-hour volume of blood 
(LD. =5.4 L) were highly significant. A combined logistic model 
of admission Glasgow Coma Score and base excess had the 
greatest likelihood of accurate prediction of outcome: P death = 
e‘/l+e'; where \=-—0.21(Glasgow Coma Score) — 0.147(base 
excess) + 0.285. Testing of this predictive model on data from 323 
additional patients with multiple trauma who had pelvic fracture 
as their index injury also showed it to be a highly significant early 
predictor of outcome. 

(Arch Surg. 1990;125:498-508) 


fi he purpose of this article is to quantitatively examine the 
significance of the initial physiological and biochemical 
variables of hypovolemia, shock, and associated brain injury 
as early predictors of the risk of mortality in blunt multiple 
trauma. We also attempted to model the relation between the 
most significant variables and the probability of death as an 
index that can give immediate guidance to the surgeon on 
admission of the patient, with regard to the magnitude of the 
physiologic insult and the need for urgent resuscitative and 
postsurgical critical care measures. 

Many attempts have been made to devise a system of 
predictors obtained at the time of patient admission to be used 
to establish the physiologic severity of injury and the progno- 
sis for outcome in the patient with multiple trauma.” A 
variety of heuristic scoring systems have been described, 
based on either the anatomic distribution and magnitude of 
the injuries scaled as an Injury Severity Score (ISS), or on 
the physiologic variables of clinical convenience (blood pres- 
sure, respiratory rate, Glasgow Coma Score [GCS]) as a 
trauma score.*” These efforts have greatly advanced our un- 
derstanding of the need for quantification in trauma severity 
estimation, but they have been criticized because of their 
impreciseness and lack of good predictability.°”* Also, none of 
these scoring systems is truly based in a data-derived proba- 
bility model. Although attempts have been made to fit some of 
the above severity scores into a probability model,** both the 
choice of the primary variables and the imposition of the 
imprecise heuristic methods, prior to probability analysis, 
appear to obscure the data-dependent relationships and pre- 
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vent them from becoming accurate quantitative determinants 
of survival. 

The present study analyzes the major anatomic scoring 
system, ISS, and the primary physiologic and neurologic 
variables available on admission and within the initial 72 
postadmission hours to choose those variables of greatest 
significance, so as to develop a truly data-dependent probabil- 
ity-based physiologic predictor of injury severity and death in 
the patient with blunt multiple trauma. 

This analysis has two parts. The first was the development 
of a probability model based on data obtained from a study 
group of 185 patients who sustained blunt traumatic hepatic 
injury (BTHI) as a feature of their polytrauma. This group 
was chosen because our previous studies of these patients 
with BTHI demonstrated that their mortality was not solely 
related to the hepatic injury. Rather, the pattern of organ 
injuries and the resultant physiologic consequences of volume 
loss with circulatory shock and of neurologic impairment 
appeared to be the significant factors predicating ultimate 
mortality.’ 

The second part of this investigation was to test the model 
derived from patients with multiple trauma with BTHI in a 
second group of 323 patients with another form of severe 
multiple trauma denoted by the index injury of pelvic fracture 
(PF), but excluding patients with PF who also had BTHI. 


PATIENTS AND METHODS 


The study population consisted of 185 consecutive patients with 
major hepatic injury from a total population of 4736 patients with 
blunt trauma admitted to the Maryland Institute for Emergency 
Medical Services Systems (MIEMSS), Baltimore, between July 1, 
1983, and June 30, 1986. Seventy percent of these patients with BTHI 
were men and 86% were white, with a mean age of 30 years. Fifty-one 
percent of the patients with BTHI had their injuries produced by 
motor vehicle accidents, 11% from motorcycles, 8% were struck by 
motor vehicles as pedestrians, 16% resulted from falls, and 5% from 
crush injuries. Eighty-seven percent were transported by helicopter 
from the site of injury with an estimated average time from injury to 
admission to MIEMSS of 67 minutes. Forty-seven percent of all 
patients with BTHI were assessed by the paramedical personnel as 
being in shock in the field and 27% were in shock (systolic blood 
pressure [SBP], <90 mm Hg) on admission. 

These patients were classified on the basis of the severity of hepatic 
injury using the criteria established by Moore et al.” Of the 185 
patients, 65 (85%) were class 1, 55 (30%) were class 2, 33 (18%) were 
class 3, 15 (8%) were class 4, and 17 (9%) represented class 5 hepatic 
injury. The mortality ranged from slightly less than 20% in classes 1 
and 2 to 94% in class 5 hepatic injury with disruption of the inferior 
vena cava or hepatic veins. The overall mortality for the entire series 
of 185 patients was 31%, as indicated in the following tabulation: 


Class N Incidence, % Mortality, % 
1 65 35 20 
2 55 30 19 
3 33 18 24 
4 15 8 73 
5 17 9 94 
Total 185 100 31 


The details of the primary hepatic injuries, the associated injuries, 
the surgical procedures, and the complications and causes of death 
have been separately reported,” but the statistical pattern of this 
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study group is summarized in Fig 1. When the associated organ 
injuries and causes of death were tested for simultaneous significance 
using the Bonferroni method applied to the individual results of 
Fisher’s Exact Test,” the most important injuries as determinants of 
death in the patients with BTHI were brain and chest injuries, which 
were simultaneously significant (P<.03) as factors in mortality for all 
classes. As is also shown, deterioration of the central nervous system 
function into brain death ind exsanguination with shock were the 
only simultaneously significant (P<.0001) causes of death for all 
classes of liver injury. Adult respiratory distress syndrome (ARDS) 
and sepsis were signifi (P<.05) complications in nonsurviving 
patients who survived the initial postinjury period when exsanguina- 
tion death was most likely. i 

As can also be seen from Fig 1, while there was a moderate 
incidence of injuries to the spleen, upper gastrointestinal tract, and 
large bowel as well as an important incidence of extremity fractures, 
the incidence of none of these injuries per se was significant in 
separating the survivors from the deaths. However, these studies” 
suggested that the influence of the associated visceral and extremity 
injuries, aside from the brain, in predisposing to a fatal outcome in 
BTHI was largely Lar oben contribution to volume loss and the 
consequent induction of hypovolemic shock in the early postoperative 
period, or as a result of the development of the post-shock-related 
complications of ARDS and sepsis as late causes of death. Also, these 
data suggested that the increased incidence of brain deterioration in 
patients with BTHI dying in the early postinjury period may be 
contributed to by the preadmission and resuscitative periods of hypo- 
volemia and circulatory shock, with further brain anoxia as an impor- 
tant factor in magnifying the importance of the initial traumatic brain 
injury into a fatal complication. 

The model derived from these 185 patients with BTHI was then 
tested on a second group of 323 patients with multiple trauma treated 
in the same period as the development group (1983 to 1986), but 
whose index injury was PF. In this test group, 20 additional patients 
with PF and BTHI were excluded as they had been previously 
considered in the BTHI group. The clinical characteristics and out- 
comes of all of the 343 patients with PF have been previously 
presented.” 

The computation of extracellular base excess (BE,,,;) was done 
according to the Severinghaus algorithm”: 


37 (exp, {pH —7.4+ 0.345 [log, (Po, /40)}}) 
0.55 — 0.09 flog. (PCO, /40) — 1] 


This formulation has been verified by us in 1060 studies from 555 
critically ill trauma and surgical patients as related to blood base 
excess (BE,,p)": 


BExcr = 


BE zcr = 0.993 (BE gp) + 0.184 
n= 1060; r’ = 0.968; F[1058,1]= 31657; P«.0001 
BE, p is a better estimate of the effective base deficit since it 
reflects the total extracellular fluid volume rather than blood alone. It 


is used in this study for =! determination of admission base excess 
(BEA). 


- RESULTS 


i 

As a means of assessing the magnitude of initial injury and 
the response to resuscitative and surgical therapy in the 
immediate postinjury period in the patient with BTHI, phys- 
iologic and biochemical laboratory data were obtained on 
admission and at 24, 48, and 72 hours following admission. The 
conventional vital signs of heart rate and blood pressure on 
admission gave some indication of the severity of the process 
in that there was a statistically significant (P<.0001) differ- 
ence between the mean SBP of the survivors and nonsurvi- 
vors (117 mm Hg for ivors vs 82 mm Hg for nonsurvi- 
vors), with SBP being reduced in the nonsurvivors. While the 
mean heart rate in the nonsurvivors was slightly higher (111 
beats per minute vs 105 beats per minute in the survivors), 
this difference was not significant, nor was there a significant 
correlation between admission heart rate and SBP in either 
survivors or nonsurvivors. However, even though the mean 
values of SBP for the nonsurvivors were reduced, there was 
sufficient data overlap so that on an individual basis, predic- 
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Fig 1.—Pattern of injuries and significant causes of death in 185 
patients with blunt hepatic trauma. Circle diagram presents the per- 
cent incidence of major injuries and complications in 58 nonsurvivors 
(solid line) and 127 survivors (broken line) of blunt traumatic hepatic 
injury. Shown are percent of brain, face, chest, myocardial and aortic, 
upper gastrointestinal (Gl) tract, spleen, pancreas, large bowel, renal, 
extremity fracture, admission shock, death from exsanguination, adult 
respiratory distress syndrome (ARDS), sepsis, and brain death. Also 
shown are the injuries and complications that were simultaneously 
significant by the Bonferroni analysis of the results of the individual 
Fisher's Exact Tests (asterisk, P<.03; dagger, P<.05; double aster- 
isk, P<.0001). 


tion of mortality was difficult, except for those patients whose 
admission SBP was less than or equal to 80 mm Hg. 


Volume Replacement Needs 


The therapeutic need for volume resuscitation was also 
examined in the survivors vs nonsurvivors by comparing the 
24-hour fluid resuscitation volumes of blood as packed cells, 
colloid, crystalloid, platelets, fresh frozen plasma, as well as 
the total 24-hour volume replacement. While there were 
small increases in the requirements for fresh-frozen plasma 
and platelets in the nonsurvivors, these were not significant, 
nor was there a significant difference in the means of survi- 
vors Vs nonsurvivors in crystalloid administration. However, 
statistically significant analysis of variance (ANOVA) differ- 
ences between the volumes given to survivors and nonsurvi- 
vors, evaluated simultaneously by the Bonferroni method, 
were found in the 24-hour requirements for blood administra- 
tion (2.2 L for survivors vs 4.1 L for nonsurvivors; P<.005), 
colloid administration (0.9 L for survivors vs 3.0 L for nonsur- 
vivors; P<.005) and the total fluids (11.2 L for survivors vs 
16.9 L for nonsurvivors; P<.0001). All of these 24-hour vol- 
ume requirements were higher in the nonsurvivors. It is 
evident that the magnitude of the intravascular volume re- 
placement required in the nonsurviving patients reflects the 
magnitude of the initial and continuing volume losses in this 
group. These data also suggest that in these nonsurviving 
patients with multiple trauma, major peripheral tissue perfu- 
sion deficits not only had occurred at the time of the initial 
admission to the hospital, but tended to be continuing over at 
least the first 24 hours. 


Cardiorespiratory Function 


Evaluation of cardiorespiratory function (Fig 2) in the two 
groups, nonsurvivors vs survivors of BTHI, over the first 72 
hours, showed an important pattern difference between the 
survivors and the nonsurvivors when both were compared by 
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the method of Siegel et al” with regard to the respective 
variable means and SDs of a reference group of all patients 
with BTHI studied. The most important indicators of out- 
come available at the time of admission appeared to be con- 
tained within the blood gas data. On admission, in the nonsur- 
vivors, the mean BEA (—5.0 mmol/L in the survivors vs 
—10.1 mmol/L in the nonsurvivors; P<.0001), arterial pH 
(7.35 in the survivors vs 7.24 in the nonsurvivors; P<.0001), 
and the mean arterial bicarbonate level (19.3 mmol/L in the 
survivors vs 16.7 mmol/L in the nonsurvivors; P<.05) were 
all significantly reduced. These data suggest that a major 
degree of metabolic acidosis had occurred in the immediate 
postinjury period prior to admission, since the mean level of 
arterial PCO, on admission was not significantly different 
between the nonsurvivors (40.1 mm Hg) and the survivors 
(36.7 mm Hg). With regard to the choice of predictive vari- 
ables, it is of interest to note that none of these metabolic 
variables was significantly correlated with the blood pres- 
sure, although the means were reduced in the nonsurvivors. 

Evaluation of perfusion adequacy after resuscitation, as 
measured by the thermodilution cardiac index obtained at 24, 
48, and 72 postinjury hours, showed that there was a tenden- 
cy for a reduced cardiac index in the nonsurvivors compared 
with survivors, but this difference was not statistically signif- 
icant. However, a persistent base deficit continued in the 
nonsurvivors for 72 hours. This was reflected in the persis- 
tently decreased bicarbonate level in the nonsurvivors (20.5 
mmol/L) which, though only significant (P<.05) at 24 hours, 
suggests a persistence of the perfusion adequacy causing the 
metabolic acidosis. In the 72 hours following admission, there 
was an attempt at physiologic compensation in the nonsurvi- 
vors and the arterial pH either remained the same, or rose 
slightly due to the compensatory hypocarbia (Pco, at 72 
hours, 31.4 mm Hg). 

Because of the need to maintain adequate levels of arterial 
oxygen tension, the fraction of inspired oxygen was raised 
iatrogenically in all of the nonsurviving patients and this 
increase in mean fraction of inspired oxygen was significant 
from 24 to 72 hours (0.37 to 0.40 in the survivors vs 0.54 to 0.57 
in the nonsurvivors). The net result was to permit the mainte- 
nance of a relatively normal mixed venous oxygen saturation 
of 72% to 76% oxygen saturation (SVo,). There was also 
evidence of a developing pulmonary gas exchange defect in 
the nonsurvivors, as suggested by the persistent increase in 
Respiratory Index both at admission and through the next 
72-hour period. These differences in Respiratory Index were 
not statistically significant between nonsurvivors and survi- 
vors. Nevertheless, the pattern of differences between survi- 
vors and nonsurvivors of BTHI shown in the circle diagram in 
Fig 1 strongly suggests that the magnitude of the initial 
hypoperfusion and its persistence were major factors leading 
to the early deaths due to shock and the significant later 
complications, such as ARDS (reflected by the early rise in 
Respiratory Index) and sepsis. These data also suggest that 
the admission biochemical indicators of acid-base balance (ar- 
terial bicarbonate, pH, and their BEA relationship) are criti- 
cal predictors of outcome. 


Hematology and Coagulation Variables 


Because of the massive volume loss and the known compli- 
cation of hypocoagulation in these patients, the hematologic 
and coagulation variables were also evaluated by comparing 
the nonsurvivors and survivors referenced with the mean and 
SD of each variable in the total BTHI patient population. The 
initial hemoglobin value on admission (129 g/L in survivors vs 
108 g/L in nonsurvivors) was significantly lower in the non- 
survivors (P<.005), undoubtedly due to the large crystalloid 
infusions during transport to hospital. While there was also a 
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Fig 2.—Difference in cardiorespiratory function in 127 survivors (bro- 
ken line) and 58 nonsurvivors (solid line) of blunt hepatic trauma. 

Circle diagram compares the difference in each variable between 
Survivors vs nonsurvivors in SDs of the mean of all patients with blunt 
traumatic hepatic injury (perfect dark circle at O SD). The scale is the 
+2 SDs range of the mean for that variable in all patients with blunt 
traumatic hepatic injury. The actual values of significant variable 
differences are provided in text. Values shown are for admission (A) 
and for 24, 48, and 72 postadmission (24, 48, and 72) hours. The 
variables are base excess (BE), bicarbonate (HCO,), arterial pH 
(APH), arterial PCO, (APCO,), mixed venous oxygen (SV O,), respira- 
tory index (alveolar arterial oxygen gradiant/arterial oxygen tension = 

respiratory index [RI]), the fraction of inspired oxygen (FIO,), and the 
cardiac index (Cl). Differences between survivors and nonsurvivors 
that are simultaneously significant by the Bonferroni method applied to 
the individual analyses of variance (ANOVA) are designated by single 
asterisk (P<.05), double asterisk (P<.005), and triple asterisk 
(P<.001). 


tendency for prolongation of prothrombin time (11.5 seconds 
in survivors vs 12.3 seconds in nonsurvivors) and partial 
thromboplastin time (31.4 seconds in survivors vs 35.2 sec- 
onds in nonsurvivors) in the first 72-hour period, only the 
admission PTT was significantly different between survivors 
and nonsurvivors (30.4 seconds in survivors vs 68.2 seconds in 
nonsurvivors) when tested simultaneously (P<.0001) with 
respect to all standard hematologic and coagulation variables. 
There was a tendency for reduced platelet counts in the 
nonsurvivors at 24 hours (105 x 10° mL) and 48 hours (87 x 10° 
mL). However, these differences were not significant and 
tended to return to normal by 72 hours if the patient survived 
that length of time, in part because of platelet transfusions 
given to the thrombocytopenic patients. It is also likely that 
the failure to achieve a level of significance for the abnormali- 
ties in partial thromplastin time and prothrombin time that 
occurred after the admission period, is related to the large 
quantities of fresh frozen plasma also given to these patients 
to correct their coagulopathy. Therefore, the admission par- 
tial thromboplastin time appears to be the most sensitive 
coagulation criterion for prediction of risk of mortality. 


Hepatic and Metabolic Functions 


In a similar fashion, the hepatic and metabolic functions 
were compared in survivors and nonsurvivors using the same 
scheme of reference (Fig 3). It is of interest that the most 
significant (P<.05 to P<.0001) variables with respect to dif- 
ferentiating between survivors and nonsurvivors were the 
increased levels of arterial lactate (LACT) on admission in the 
nonsurvivors (4.4 mmol/L in survivors vs 8.8 mmol/L in non- 
survivors) and at 48 hours (1.8 mmol/L in survivors vs 3.8 
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mmol/L in eT ims and at 72 hours (1.3 mmol/L in 
survivors vs 3.6 mmol/L in nonsurvivors). It was also of 
interest that there was a significant (P<.005) increase in the 
admission glucose level (9.5 mmol/L in survivors vs 13.2 
mmol/L), which may reflect glucose administered by the 
paramedical team during the period of field resuscitation. 
More important, however, the level of serum phosphate on 
admission was significantly (P<.05) increased in the nonsur- 
vivors (3.7 mmol/L in survivors vs 5.7 mmol/L in nonsurvi- 
vors), perhaps reflecting the magnitude of fatal cell injury 
with loss of intracellular phosphate compounds. This hyper- 
phosphatemia tended to persist throughout the first 72 hours, 
although it was only significant on admission and at 48 hours 
in nonsurvivors (3.8 mmol/L) compared with survivors (2.3 
mmol/L). While hyperkalemia was generally noted on admis- 
sion, significant (P<.05) hypokalemia occurred in the nonsur- 
vivors at 48 (8.6 mmol/L) and 72 (8.7 mmol/L) hours. The 
reason for this is not clear, but it may be a combination of the 
dilution effect of massive volume infusion, as well as the 
tendency for extracellular potassium to return to the intracel- 
lular environment as the shock process is compensated. 

Of interest is the fact that while bilirubin, triglyceride, and 
cholesterol levels tended to be increased in all patients with 
BTHI over the initial 72-hour postinjury period, these differ- 
ences were not statistically significant between survivors and 
nonsurvivors when tested simultaneously with all variables 
shown in Fig 3. The rises in aspartate aminotransferase levels 
were also not significant discriminators of survivors vs non- 
survivors nor were there significant differences in survivors 
vs nonsurvivors in alkaline phosphatase levels (not shown) in 
the initial 72 hours. These data suggest that the more dynamic 
metabolic factors related to anaerobic glucose metabolism, ie, 
lactic acid production and indirect measures of cell membrane 
stability and adenosine triphosphate breakdown” reflected in 
the increased serum phosphate levels, are more important 
early predictors of outcome than the much more slowly devel- 
oping abnormalities in bilirubin, triglyceride, and cholesterol 
metabolism. It also appears that significant serum enzyme 
differences between surviving and nonsurviving patients, 
reflecting leakage of intracellular enzymes into the plasma, 
are not of great predictive ability within the first 72 postin- 
jury hours. 


Prediction of Mortality in BTHI Using a Linear 
Logistic Probability Model 


Prediction of Mortality From Blood Volume Replace- 
ment.— An attempt was made to use a linear logistic model” 
fundamentally based in probability theory for the prediction 
of mortality in patients with blunt multiple trauma including 
hepatic injury. This model was applied to the analysis of those 
variables that seemed to have the greatest influence in sepa- 
rating the BTHI survivors from the nonsurvivors. Since, as 
noted earlier,’ exsanguination and volume replacement ap- 
peared to be important factors in delineating between surviv- 
ing and nonsurviving patients, a linear logistic model was 
constructed on the basis of the blood replacement (as packed 
cells) in the first 24 hours (BL24) vs the percent mortality. In 
this model, shown in Fig 4, left, it can be seen that it has a 
reasonable and statistically significant (P<.0001) predictabil- 
ity with an LD,, of 5.4 L of BL24. However, when the distribu- 
tion of the number of cases was assessed at each 10-point 
prediction of percent mortality from the blood volume re- 
placement, it was found that the majority of patients (57%) 
fell at or below the 30% mortality level for BL24. In Fig 4, 
right, the prediction of death on the basis of the linear logistic 
model from BL24 is compared with the actual observed death 
rate. The separation points in terms of liters per 24 hours of 
blood replacement are shown for each 10-point increase in 
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Fig 3.—Hepatic and metabolic functional differences in 127 survivors 
(broken line) and 58 nonsurvivors (solid line) of blunt hepatic trauma. 
Shown are the mean variable differences between nonsurvivors and 
survivors in SDs of the mean of all patients with blunt traumatic hepatic 
injury. These are scaled by the mean (perfect circle at 0 SD) and the 
+2 SDs range of all patients with blunt traumatic hepatic injury. Values 
shown are for admission (A) and for 24, 48, and 72 postadmission (24, 
48, and 72) hours. The variables are serum phosphate (P), serum 
potassium (K), lactic acid (LACT), glucose (GLU), bilirubin (BIL), 
triglycerides (TRG), cholesterol (CHOL), and aspartate aminotrans- 
ferase (AST). Simultaneous significance tested by Bonferroni method 
was applied to the individual analysis of variance (ANOVA) values 
(single asterisk, P<.05; double asterisk, P<.005; and triple asterisk, 
P<.0001). The actual variable values for significant differences are 
presented in the text. 


predicted death. It can be seen that the identity line compar- 
ing actual data and predicted percent mortality shows that 
death is slightly underpredicted up to the 60% predicted 
mortality level, but there is a significant overprediction be- 
tween 60% and 80%, due in large part to the small number of 
cases at this level and undoubtedly to the important influence 
of other factors in this class of patient. 

Prediction of Mortality From Magnitude of Neurologic 
Injury.—Since the initial studies of injury patterns and 
causes of death’ summarized in Fig 1 demonstrated the major 
importance of brain injury and central nervous system deteri- 
oration as factors in influencing the ultimate mortality from 
patients with BTHI, a linear logistic prediction model was 
constructed from the admission GCS. This is shown in Fig 5, 
left (this slope is, of course, reversed since increasing GCS 
generally represents an improved neurologic function”). 
This model is also significant (P<.0001), but it can be seen 
that at a GCS of 15, the highest GCS value, there is a signifi- 
cant displacement of the intercept from zero mortality and 
there is also a significant departure from 100% mortality even 
at a GCS of 3. This reflects the fact that there are other major 
factors influencing mortality in these patients. Also, when the 
number of cases at each predictive range was examined, it 
was found that the largest number of cases (51%) occurred in 
the lowest probability range between 10% and 20% of pre- 
dicted death, ie, at the highest GCS. Only 24% of patients had 
GCS between the 50% and 80% range of predicted death 
probability, showing that GCS was not normally distributed 
in the BTHI group. Figure 5, right, shows the predicted vs 
observed death rate based on the linear logistic model shown 
in Fig 5, left, together with their identity line. It can be seen 
that the prediction on the basis of the linear logistic model is 
extremely good for GCS above 11, but it underpredicts be- 
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Fig 4.—Left, Linear logistic model for prediction of mortality in patients with blunt hepatic trauma from blood replacement 
in the initial 24 hours. Model shows percent mortality predicted from linear logistic model of blood replacement in the 
initial 24 hours with \=0.35 (blood) — 1.9 and P<.0001 for model shown (see text for details), Right, Predicted vs 
observed mortality from linear logistic model of blood replacement in the initial 24 hours shown in Fig 4, left. Blood 
replacement value for each 10% range of predicted death is shown above bar in liters per 24 hours (see text for details). 


tween 9 and 11 and below 4. The model based on GCS alone 
significantly overpredicts between a GCS of 5 and a GCS of 9. 
It is in this middle ground of serious multiple trauma injury 
with serious, but not necessarily fatal, neurologic damage 
where one might expect important interactions between fac- 
tors related to the primary brain injury and the posttraumatic 
hypovolemic hypoxemia to play their major role. 

Prediction of Mortality From ISS.—As shown in Fig 1, 
there are other important organ and extremity injuries in 
addition to the brain injury. Indeed, the severity of the liver 
injury itself can also be graded from 1 to 5.” An attempt was 
made to utilize the ISS originally established by Baker et al’” 
and now modified’ as a predictor of mortality. As shown in Fig 
6, there is a significant (P<.0001) linear logistic model for the 
patients with BTHI, which can be derived with an LD, at an 
ISS of 53. However, the probability curve is extremely flat 
and fails to approximate 100% mortality at the highest possi- 
ble ISS score of 75. In the distribution of mortality prediction, 
ISS has the largest number of cases (86%) between 10% and 
50% of predicted death, but the relationship between the 
predicted death percent and the observed death percent 
shows that a model based on ISS tended to underpredict at 
ISS greater than or equal to 18 to less than 31, to overpredict 
at ISS greater than 31 to less than 47 (40% mortality) and to 
underpredict between ISS 47 to less than 53. Thus, in the 
range of greatest therapeutic interest (10% to 50% mortality), 
the ISS-based model does least well. Also, from a practical 
point of view the ISS is usually not validated until late in the 
patient’s clinical course when all of the diagnoses become 
known, so that its value for prospective guidance of therapy is 
limited. 

Prediction of Mortality From Admission Lactate. — Pre- 
vious authors” have strongly advocated the use of plasma 
lactate level as a predictor of the risk of death in patients 
suffering from a variety of clinical conditions with a high risk 
of death. These include hypovolemia,”“” cardiogenic 
shock,” and sepsis.” Consequently, the value of admis- 
sion lactate as a predictor of death in BTHI was tested in the 
linear logistic model. This is shown in Fig 7. While only a 
somewhat smaller subset of BTHI cases (n= 109) had admis- 
sion lactate levels available for analysis, the data fit the model 
with a high degree of significance (P<.0001) and show an LD,, 
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of 9.5 mmol/L. This was substantially higher than the lactate 
value range (3.0 to 4.0 mmol/L) noted to produce a 50% 
survival in myocardial infarction shock and other medical low- 
flow states by Weil and Afifi,” Cady et al,” and others.” The 
distribution, based on lactate level, showed that 80% of the 
cases lay in the less than or equal to 40% predicted mortality 
range bounded by an upper plasma lactate level equal to 8.0 
mmol/L. It was also found that the logistic model based on 
lactate level had a good predictability at plasma lactate levels 
of up to 8.0 mmol/L, but substantially underpredicted death 
at lactate levels greater than or equal to 9.5 mmol/L. Thus the 
lactate level, while a good indicator of the anaerobic metabo- 
lism induced by the hypoperfusion of shock, may not be an 
entirely linear function of the magnitude of the tissue oxygen 
debt at the more severe levels of the hypovolemic shock state. 

Prediction of Mortality From BEA. — As noted earlier in 
Fig 2, the variables with the highest degree of simultaneous 
significance correlated with nonsurvival were the BEA and 
arterial pH. Therefore, a linear logistic model was con- 
structed from the BEA against the percent mortality (Fig 8, 
left). This was highly significant (P<.0001), as were the 
others. However, its form more closely approximates the 
shape of the ideal survival curve with an 8% mortality being 
approximated by a BEA of 0 mmol/L and the 95% mortality 
level at — 26 mmol/L. The LD,, derived from BEA was — 11.8 
mmol/L. Examination of the distribution of cases on the basis 
of the predicted death range for the BEA from the linear 
logistic model demonstrated that 93% of the cases fell be- 
tween 10% and 50% of prediction of death, ie, the range of 
greatest clinical interest. While this curve is nonnormal, it 
approximates a log normal curve, which has been shown by 
Friedman et al” to be characteristic of the distribution of 
physiologic functions in critically ill patients. 

Examining the predicted vs observed death rate (Fig 8, 
right) in these patients using the BEA (with the regions of 
base deficit indicated above each predicted death range), one 
can see from the identity line that there is an almost perfect 
prediction from the 10% to the 60% range of data, with only a 
slight underprediction departure in the 70% to 100% range for 
base deficits between — 16.4 and —23.5 mmol/L. This depar- 
ture from linearity may simply be related to the small number 
of patients available to the model in these higher ranges of 
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Fig 5.—Left, Prediction of mortality in patients with blunt hepatic trauma from Glasgow Coma Score (GCS) (à = — 0.255 
[GCS] + 1.88 and P<.0001). Right, Predicted vs observed mortality from linear logistic model developed from GCS 
shown in Fig 5, left. Glasgow Coma Score value for each 10% range of predicted death is shown above bar. 
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Fig 6.—Linear logistic model for prediction of mortality from Injury 
Severity Score (ISS) in patients with blunt traumatic hepatic injury 
(A = .063 [ISS] — 3.35; P<.0001). 


base deficit. Nevertheless, these data from both BEA and 
lactate strongly suggest that, after multiple injury, the mag- 
nitude of the perfusion deficit at the time of admission, prior 
to in-hospital resuscitation, is a major factor in determining 
the eventual outcome of the patient. This may perhaps be due 
to the attendant irreversible cell injury caused by the hypo- 
perfusion oxygen debt that is reflected in the base deficit. It 
could possibly also be because of the fact that ischemic hypox- 
emia of this degree with resuscitation reperfusion may lead to 
the production of a variety of shock mediators,” which may 
predispose to the development of the significant (P<.05), 
highly fatal, later complications of ARDS and sepsis noted in 
patients with BTHI.’ 

Prediction of Mortality From GCS and BL24.—The pre- 
vious analyses of individual variables suggest that the magni- 
tude of the brain injury on admission and the volume of blood 
replacement required to replace the initial and ongoing vol- 
ume losses during the initial 24 hours are independent factors 
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Fig 7.—Linear logistic model for prediction of mortality from admission 
lactate level in 109 patients with blunt traumatic hepatic injury (À = .279 
[lactate] — 2.65; P<.0001). 


that interact synergistically to determine outcome in BTHI. 
This interaction as a quantifiable determinant of death in 
multiple trauma was examined. As shown in the highly signif- 
icant (P<.0001) linear logistic model in Fig 9, left, the pre- 
dicted mortality curve rises at any given GCS as a function of 
the BL24 as packed cells after injury. For purposes of com- 
parison, the LD,, in BTHI is seen to increase with the need for 
blood replacement from 2.1 L per 24 hours at GCS 7 to 8.7 L 
per 24 hours at GCS 15. At a GCS less than or equal to 4, the 
mortality without blood replacement is already greater than 
50% and rises steeply to approach 95% (LD) as the require- 
ment for volume replacement increases to 9.2 L per 24 hours. 

However, the distribution of the number of cases by pre- 
dicted death was skewed, with 54% less than or equal to the 
20% range. Consequently, as seen in Fig 9, right, the model 
tends to either underpredict or overpredict in the 20% to 50% 
mortality range. This may reflect the difficulty in determin- 
ing volume replacement needs on the basis of estimated blood 
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Fig 8.—Left, Linear logistic model for prediction of mortality from admission extracellular base excess (BEA) in patients 
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Fig 9.—Left, Linear logistic model for prediction of mortality from Glasgow Coma Score (GCS) and blood replacement in 
the initial 24 hours for 129 patients with blunt traumatic hepatic injury (A = — .254 (GCS) + 0.3 (blood) + 1.1; P<.0001). 
See text for P values of individual model coefficients. Right, Predicted vs observed mortality from linear logistic model of 


GCS and blood replacement in the initial 24 hours for patients with blunt traumatic hepatic injury. 


loss and blood pressure stability. 

Prediction of Mortality From GCS and BEA. — While the 
combination of GCS and BL24 gives an excellent predictabili- 
ty, to use the BL24 requires waiting a full day after admission 
to quantify severity. However, the two most significant 
(P<.0001) independent factors analyzed so far with regard to 
the prediction of outcome on admission appear to be the 
magnitude of the perfusion deficit as reflected in the BEA and 
the degree of neurologic dysfunction quantified by the GCS. 
Therefore, a linear logistic model was created, using both of 
these variables simultaneously (Fig 10, left). This highly 
significant linear logistic model (P<.0001) also produces a 
family of probability curves, indicating that in BTHI thereisa 
more steeply rising mortality for any given level of perfusion 
deficit as a function of the degree of deterioration in neurolog- 
ic function. The offset from zero in these curves is quantita- 
tive confirmation of the fact that there is a degree of neurolog- 
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ic injury that may produce death even at relatively normal 
levels of perfusion, as a function of the magnitude of blunt 
brain trauma. Conversely, the displacement of the asymptote 
to 100% mortality at the higher GCS ranges implies that 
patients with minimal or no neurologic injury (GCS 15) may, 
on occasion, sustain massive hypoperfusion-related oxygen 
debts and still survive. Of additional interest is the observa- 
tion that the LD,,, at a GCS of 3, is BEA equal to —2.4 
mmol/L; at a GCS of 9, it is BEA equal to — 11.2 mmol/L; and 
at a GCS of 15, the LD, BEA is equal to — 19.6 mmol/L. The 
distribution of patients in the combined GCS and BEA predic- 
tion group, as with BEA alone, appears to approximate a log 
normal function. 

Figure 10, right, demonstrates the combined predictive 
model vs the observed death rate for the GCS and BEA model 
and shows, as does the BEA alone, a generally excellent 
predictive ability across the entire model, with a minimal 
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Fig 10.—Left, Linear logistic model for prediction of mortality from Glasgow Coma Score (GCS) and admission 
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[GCS] —.147[BEA,,,] + .285;P<.0001 for model). See text for P values of individual model coefficients. Right, Predicted 
vs observed mortality in linear logistic model from GCS and BEA for patients with blunt traumatic hepatic injury. 


underprediction in the 60% to 70% range and a slight under- 
prediction in the 90% to 100% range. Using the Kolmogoroff- 
Smirnoff goodness-of-fit test as mentioned by Sachs," 
there was no significant difference between the observed and 
predicted distributions of mortality. A lack of significant 
difference was also found using the x” goodness-of-fit 
Oe it 

Considering that these estimates were made on admission 
before resuscitative or surgical therapy, it is of great clinical 
importance that the model estimates do not represent signifi- 
cant departures from the true physiologic identity line. These 
results imply that the use of these two estimates of metabolic 
and neurologic adequacy tend to compensate one for the 
other. This model allows a very good degree of predictability 
when the GCS is low and the base deficit is negligible, and an 
extremely high degree of predictability when the GCS is high 
and/or the base deficit is great. In the intermediate GCS 
range, it appears that the neurologic function alone is not the 
most important determinant of survival, but rather the mag- 
nitude of the perfusion defect represented by the base deficit, 
and its interaction with the brain injury, may be better pre- 
dictors of outcome. | 


Comparison of Models of Prediction of Mortality in BTHI 


Comparison of logistic models is somewhat invidious. Nev- 
ertheless, when the linear logistic models for all five variables 
are simultaneously evaluated, it can be seen that only GCS 
and BL24 are simultaneously significant and account for near- 
ly all of the variability of the combined models. However, 
when BL24 is dropped as not being available on admission, 
then GCS and BEA become simultaneously significant, indi- 
cating that BEA and the subsequent BL24 contain much of 
the same information and can, to some extent, be substituted 
one for the ozher. The following tabulation shows simulta- 
neous evaluation of linear logistic models for all five variables 
considered together (N = 80): 





Variable P< 
GCS .04* 
BL24 .02* 
BEA .29 
LACT .85 
ISS .98 
*Coefficients of the model were simultaneously significant for 


GCS and BL24 only. | 


This is shown to somewhat better effect in the comparison 
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of the best two-variable linear logistic models containing 
equal numbers of data points for each variable. Here it can be 
seen when either GCS and BL24 or GCS and BEA are consid- 
ered as two-variable models that both terms have significant 
coefficients. However, when models of GCS and lactate or 
GCS and ISS are used, only the GCS term is significant, 
suggesting that the variability of the lactate and ISS variables 
is too great for an accurate fit to a two-variable linear logistic 
model under these conditions. It is also interesting that when 
only a single variable model is considered for all the 185 
admission data points, BEA has the best combination of 
variable significance (P<.0006) and goodness of fit (likelihood 
ratio, P<.045) to the linear logistic model. This undoubtedly 
accounts for the closer correlation of predicted to observed 
deaths seen in Fig 8, right. The tabulation below shows 
comparison of best two-variable linear logistic models con- 
taining equal numbers of data points for each variable 
(N =80): 


Pair Group Variable P< 
I J GCS .0001* 

| BL24 .0022* 

rl f GCS .0003* 
BEA .05* 

GCS .0008 

or | pete 15 
GCS .03 

IV ie p: 


*Coefficients of model were simultaneously significant for 
GCS and BEA, and for GCS and BL24, but not for GCS with 
LACT or ISS. 


Death in the initial 24 hours following BTHI is quantitative- 
ly influenced by the magnitude of hypovolemic shock (as 
evidenced by a marked base deficit on admission and by the 
subsequent requirement for blood volume replacement) and 
the level of neurologic injury on admission (reflected by a low 
GCS). However, from observations shown in Fig 1 that 
ARDS and sepsis represent significant complications predis- 
posing to mortality in patients surviving the initial insult, it 
might be expected that these late complications would have a 
greater influence in determining the outcome of patients in 
the 30% to 60% probability of death range than they would at 
the lower or higher levels. Nevertheless, these linear logistic 
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prediction models derived from the level of base deficit and/or 
the combination of base deficit and GCS are astoundingly 
good, considering that they represent an evaluation at a 
single point in time; namely, the first study on admission to 
the hospital before any therapy has been effected and before 
the magnitude of the hepatic injury or its associated injuries, 
except for neurologic adequacy, can be ascertained. It is 
suggested that these two admission measures, one obtained 
from arterial blood gases alone and the other from a simple 
neurologic examination, can be used as indicators of physio- 
logic severity in the massive multiple trauma associated with 
hepatic injury. 


Testing the Model on an Independent Data Set 
of Patients With Pelvic Fracture 


Clearly the best evaluation of any predictive model of sur- 
vival for the patient with blunt multiple trauma is to test it on 
another independent data set obtained from a different pa- 
tient population treated over the same period as the develop- 
ment set. This was done by using the linear logistic model for 
_ BEA and GCS derived from the patients with BTHI to pre- 
dict outcome in a population of 323 patients with multiple 
trauma whose index injury was PF, but excluding 20 addition- 
al patients with PF who also had BTHI since these patients 
were already included in the BTHI set. The patient character- 
istics of the total 343 patients with PF have been previously 
reported.” It was also demonstrated that brain injury and 
shock secondary to blood volume loss were significant 
(P<.05) causes of death when simultaneously considered to- 
gether with all types of major organ and extremity injuries by 
the Bonferroni analysis of the Fisher Exact Test” for each 
variable comparing PF survivors with PF nonsurvivors. 

Compared with BTHI, the incidence of associated fatal 
head injury was lower in the PF group, but the magnitude of 
volume losses was somewhat greater than in BTHI for the PF 
group as a whole.” Therefore, it is not surprising that the best 
single predictor variable for PF appeared to be the base 
deficit (Fig 11), which experimentally directly reflects the 
magnitude of the hypoperfusion oxygen debt acidosis (C. M. 
Dunham, MD, J.H.S., L. R. Weireter, MD, and M. Fabian, 
work in progress). Although there was a tendency fora BEA 
logistic model to overpredict at the 20% to 50% range, and no 
patients with PF had BEA less than —19.2 (undoubtedly 
reflecting the fact that the rate of bleeding for grade 4 and 5 
hepatic injuries is greater than that found in all but a very few 
patients with PF), the predictive ability of BEA alone was 
very good overall, with no significant difference by x’ test 
between the observed and predicted death percents. 

The two-variable BEA and GCS model derived only from 
patients with BTHI was applied to the combined data from 
the 185 patients with BTHI and 323 with PF (total, N = 508). 
There was again a very good predictive capability over the 
entire range of the linear logistic model (Fig 12) with no 
significant overall x’ difference between observed and pre- 
dicted death rates, even though there was a tendency to 
overpredict in the midrange. This is due to the substantially 
lower PF mortality rate (15%) compared with that of the 
patients with BTHI (31%) used in the development set. 


COMMENT 


Investigators are beginning to recognize that blunt multi- 
ple trauma, especially that produced by the high-velocity and 
high-impact injuries associated with automobile and motorcy- 
cle accidents carries a much higher mortality than that gener- 
ally associated with penetrating injuries. This is especially 
true with regard to patients sustaining blunt hepatic injury. 
This series is more heavily weighted to the more severe 
hepatic injury classes (classes 3 to 5) that represent 35% of the 
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cases in the development set. Nevertheless, the outcomes for 
these classes of patients in this series do not appear to be 
different from those reported elsewhere in the literature for 
blunt hepatic trauma. For example, of the 1335 cases reported 
by Cogbill and colleagues,” representing a multicenter expe- 
rience with hepatic trauma over a 5-year period at six major 
institutions across the United States, only 101 cases repre- 
sented classes 3 to 5 blunt hepatic trauma. The mortality rate 
in their 101 cases (51%) is not significantly different from that 
seen in the 65 cases from a single institution (54%) reported in 
the 3-year study’ from which this probability analysis was 
made. However, the outcome in the patients of classes 1 and 2 
in this series is undoubtedly influenced by the high incidence 
of brain injury, since MIEMSS is a level 1 referral trauma 
center that also serves as the statewide neurotrauma center. 
Consequently, a substantial number of patients with class 1 
and 2 hepatic injuries may be primarily referred because of 
their head trauma. However, the incidence of associated 
brain injury as an important cause of death is high in the 
patient with multiple trauma when data are specifically ana- 
lyzed for this factor.*” 

Unfortunately, many of the previously reported series of 
patients with hepatic injury do not clearly separate the pa- 
tients with blunt multiple trauma from those with penetrat- 
ing injury. This makes their analysis of outcomes difficult to 
interpret, since few previous studies have rigorously ana- 
lyzed the incidence of associated injuries, especially those to 
the brain. The present study is designed to continue the 
analysis of anatomic and physiologic factors determining out- 
comes in the patients with blunt multiple trauma, regardless 
of the index injury (liver, PF, etc) which may lead them to be 
incorporated in one arbitrary organ or extremity-focused 
series or another. Our two preceding articles in this series, 
one dealing with the pattern of anatomic injuries and systemic 
complications associated with death in blunt hepatic injury’ 
and the other with blunt PF injury,” pointed out the statisti- 
cal significance of brain and chest injuries as predisposing 
factors influencing the outcome in either of these index inju- 
ries but the degree of shock determines the physiologic de- 
compensatory complications (sepsis and ARDS), which are 
important modifiers of the anatomic injuries. 

The present study seeks to simplify and extend this analy- 


= 
o 
D 
Q 
® 
= 
© 
v) 
2 
O 
dl 


O° 10° 26. 30 40. 50’ TIO 80. 790100 


% Predicted Death on the Basis of Linear Logistic 
Model From BEAecr 


Fig 11.—Predicted vs observed mortality for patients with multiple 
trauma with pelvic fracture (without liver injury) (test patients derived 
from linear logistic model of extracellular base excess [BEA] in pa- 
tients with blunt traumatic hepatic injury [model patients] shown in Fig 
8, left). Values above each bar show level of BEA corresponding (in 
millimoles per liter) to each 10% increment in predicted death. 
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Fig 12.— Predicted vs observed mortality from Glasgow Coma Score 
(GCS) and admission base excess (BEA) for all 508 patients with 
multiple trauma. combining 323 patients with pelvic fracture and 185 
patients with blunt hepatic trauma. Model patients were those with 
blunt hepatic injury alone, and test patients included those with blunt 
hepatic injury ard pelvic injury. Values were derived from linear logistic 
model of GCS and BEA for patients with blunt traumatic hepatic injury 
shown in Fig 10. left. 


sis into a quartification of the interaction between the sever- 
ity of the posttraumatic brain injury measured by the GCS 
and the magnitude of the hypovolemic ischemia that deter- 
mines the degree of systemic and organ malperfusion, as the 
two fundamental physiologic determinants of survival in 
cases of mult:ple trauma. To this end, a variety of specific 
physiologic veriables have been examined, both individually 
and with respect to their significant interactions. By using a 
true probabilizy statistic for the prediction of the likelihood of 
death based on the interaction between various variables 
reflecting the degree of severity of the shock, it appears that 
the best measure of ischemia is the magnitude of the metabol- 
ic acidosis reflected in the base deficit. When this variable is 
included in a lmear logistic model together with the degree of 
neurophysiologic injury as quantified by the admission GCS, 
a highly significant predictor of hospital course mortality can 
be derived. 

In conclusion, these data suggest that two easily obtained 
quantifiable measurements, BEA and GCS, obtained imme- 
diately on admission to the hospital before substantial resus- 
citation therapy, can provide a quantitative assessment of the 
statistical probability of death in the patient with multiple 
trauma. The probability statistic derived from this linear 
logistic model can be used as a guide to the net physiologic 
severity of the combined injuries and as an index of the 
physiologic response to the resuscitative therapy. 

These two measurements, combined in a true probability 
model, appear to have greater predictive ability with regard 
to eventual oitcome than do other admission physiologic 
measures that have conventionally been used for prognostica- 
tion. Severity indexes, such as admission blood pressure, 
heart rate, hemoglobin, plasma lactate, plasma phosphate, 
and most coagulation variables, while significantly correlated 
to outcome, dc not make good model predictors of the statisti- 
cal probability of death. This is because their variability is too 
great to permit accurate prediction in an individual case. 
Since blood pressure is a major input variable in the determi- 
nation of the various versions of the trauma score,*” the poor 
discriminant ability of this variable also explains the less- 
than-ideal performance of trauma score as a survival predic- 
tor.’ In patients with blunt hepatic trauma specifically, the 
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two-variable linear logistic model based on BEA and GCS also 
exceeds in predictability the conclusions based on standard 
measures of hepatic enzymes and coagulation variables done 
during the first 72 postadmission hours. 

A similar degradation in predictive ability significance ap- 
pears when only the anatomic ISS is used as a measure of 
survival, reflecting the impreciseness of ISS compared with 
the BEA-GCS physiologic model. While the quantitative 
magnitude of postinjury BL24 (as packed cells) approximates 
the information contained in the BEA, it requires a full day for 
these data to be gathered. Also, the BL24 is subject to iatro- 
genic error in estimating the proper volume of blood needed 
for replacement if the transfusion requirement is based on 
blood pressure, central venous pressure, or other standard 
measures of volume restitution. 

From the data presented, it would appear that BEA is the 
best immediate predictor of the magnitude of perfusion-relat- 
ed hypovolemic ischemic shock. Moreover, the degree of 
metabolic acidosis also appears to be a better quantitative 
determinant of the risk of death than the admission blood 
pressure or BL24 when major tissue injury is also present as 
it is in trauma. More important with regard to the choice of 
BEA before any therapy with bicarbonate, is the fact that it 
appears from experimental studies (C. M. Dunham, MD, 
J.H.S., L. R. Weireter, MD, and M. Fabian, work in pro- 
gress) to be a significant variable, independent of lactate, 
reflecting the magnitude of the oxygen debt. It also appears 
to truly represent the net magnitude of the sum of lactate and 
all other metabolic acids released by hypoperfusion ischemia. 
This may account for its better performance as a predictor 
than lactate, which only reflects the magnitude of anaerobic 
glucose metabolism. In this regard, it is of interest to compare 
the LD,, for BEA in patients who had a GCS of 15 (Fig 10, left) 
with the LD,, for BEA found (C. M. Dunham, MD, J.H.S., 
L. R. Weireter, MD, and M. Fabian, work in progress) in a 
canine model of lethal oxygen debt due to blood volume with- 
drawal. The canine model, of course, had no head injury or 
other soft-tissue injury, being a pure hemorrhagic shock 
preparation. In this experimental setting, the LD, for BEA 
was — 18.8 mmol/L compared with the BEA LD, in man with 
a GCS of 15 of —19.6 mmol/L after injury. This relative 
constancy between species further emphasizes the fundamen- 
tal aspect of metabolic acidosis as a true reflection of the 
severity of the ischemic shock process. The value of base 
deficit as a guide to volume resuscitation in humans has been 
demonstrated by Davis et al.” 

Clearly, the GCS represents the best immediately avail- 
able measure of neurologic capability. It has been shown 
repeatedly to predict outcomes of brain injury.” Since 
falsely low values of GCS can be achieved under the influence 
of drugs or alcohol, which were not controlled for in this 
analysis, these factors may be responsible for the overpredic- 
tion of mortality for GCS of 5 to 9 noted in this study when 
GCS alone was used in the linear logistic model. To a large 
extent, this source of error seems corrected when GCS and 
BEA are used together in the model, since the linear logistic 
relation between GCS and the presence of ischemia-induced 
metabolic acidosis (exacerbated by alcohol in some instances) 
appears to reflect the degree of interaction between hypovo- 
lemic shock and brain injury in inducing death after blunt 
multiple trauma. 
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invited Commentary 


The purpose of this article is to establish and use anatomic and 
physiologic variables to help the surgeon decide whether the 
patient has a reasonable chance of surviving. The authors have 
studied 185 consecutive patients with major hepatic injury and, 
using a combination of statistical analysis and modeling, have 
developed various physiologic and anatomic factors to predict 
survivability or death. They have also used the same model in a 


different injury, pelvic fracture, and have found a similar ability of 


this model to be useful in predicting outcome. 

The analysis and results seem reasonable, but there are a few 
cautions for the reader. The authors report a death rate with blunt 
liver trauma of 31%. Most large series report a death rate follow- 
ing blunt injuries between 10% and 20% (Jordan GL. Hepatic 
trauma. Contemp Surg. 1985;27:9-13; Stain SC, Yellin AE, Dono- 
van AJ. Hepatic trauma. Arch Surg. 1988;123:1251-1255; Defore 
WW, Mattox KF, Jordan GL, Beall AC. Management of 1590 
consecutive cases of liver trauma. Arch Surg. 1976;111:493-497; 
Trunkey DD, Shires GT, McLelland R. Management of liver 
trauma in 811 consecutive patients. Ann Surg. 1974;179:722-728). 
This higher death rate might influence some of the authors’ 
findings. 

Multiple factors including BEA, volume replacement needs, 
cardiorespiratory function, hematology and coagulation vari- 
ables, hepatic and metabolic functions, neurologic injury (GCS), 
ISS, and admission lactate level were all analyzed. Significantly, 
the authors were able to show that there was a relationship 
between GCS and BEA. There was also a fairly significant rela- 
tionship between blood pressure as a predictor and a trend toward 
significance regarding heart rate. These have been previously 
analyzed by other investigators, specifically Champion (Re- 
sources for Optimal Care of the Injured Patients. Chicago, Ill: 


American College of Surgeons; 1990:61-75), leading to revision of 


the current trauma score. This revision of the trauma score is also 
weighted and reflects a much larger number of patients from the 
American College of Surgeons Committee on Trauma Multiple 
Trauma Outcome Study. The point of this comparison is that we 
cannot dismiss the Revised Trauma Score and yet the correlation 
of BEA to outcome is a very attractive indicator since it is more 
physiologic than previous indicators. The combination of the Re- 
vised Trauma Score (including the GCS) and BEA might be an 
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alternative to the APACHE scaling system, which is currently 
being touted for postinjury severity scoring. The authors point 
out that the GCS has certain limitations and this has been previ- 
ously recognized (Gennarelli TA, Spielman GM, Langfitt TW, et 
al. Influence of a type of intracranial lesion on outcome from 
severe head injury. J Neurosurg. 1982;56:26-32). The combina- 
tion of GCS and BEA appears to be superior to all other measures 
considered. It should be pointed out, however, that Miller and 
Becker in the 1980s (Secondary insults to the injured brain. J R 
Coll Surg [Edinburgh]. 1982;27:292-298) showed that hypoxia and 
hypovolemia contributed significantly as “secondary injuries” to 
the GCS. Furthermore, the GCS does not take into account lateral 
or focal neurological findings. More recently, this has been corrob- 
orated by Chestnut and Marshall (What kills brain injured pa- 
tients? I: the role of secondary brain injury in determining out- 
come from severe head injury. In press), and might help explain 
why the BEA tends to level out the GCS and make it a better 
overall predictor. 

Several years ago, Sturm et al (Cardiopulmonary parameters 
and prognosis after severe multiple trauma. J Trauma. 
1979;19:305-318) showed in a simple analysis of survivors and 
nonsurvivors following blunt trauma that pulmonary and cardiac 
failure early in the postinjury period was most likely due to 
microemboli as a direct consequence of the shock and injury insult. 
Common sense would dictate that more severe injuries would 
cause more microemboli that end up in the pulmonary vasculature 
and thus increase the risk for right-heart failure and ARDS. This 
and other arguments presented above make me believe that it is 
not fair for the authors to dismiss out of hand heart rate or blood 
pressure as predictive indicators. Within the next few years 
modern diagnostic techniques (rapid computed tomography, two- 
dimensional echocardiography) will make it possible to do online 
or sequential measurements of cardiac function and ejection frac- 
tion during resuscitation and the operative phase of trauma man- 
agement. Conceivably, these variables will be additional predic- 
tive indicators of outcome that can be used in conjunction with 
GCS and BEA. 


DONALD D. TRUNKEY, MD 
Portland, Ore 
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Foreword 


Few articles have stimulated as much research work as George 
Clowes’ report in the New England Journal of Medicine in 1983 
(308:545-552) concerning a proteolysis-inducing factor present in the 
plasma. Indeed , it is one of the seminal works in surgical metabolic 
literature, stimulating a great deal of research work including that of 
our own laboratory. The following article represents work carried out 
by my collaborators and myself concerning the possible presence of 
such a factor. In summary , while we were able to reproduce the 
increased appearance of tyrosine as a breakdown product when 
incubating muscles in septic plasma, it was only under very special- 
ized conditions . Disappointingly , septic plasma fails to stimulate 
myofibrillar protein breakdown (3-methylhistidine release), which, 
in our other studies, is increased in excess of four times that of 
tyrosine breakdown. Despite the fact that these studies confirm the 
presence of a circulating factor only under very specialized condi- 
tions, Dr Clowes’ contribution of proteolysis-inducing factor and the 
above mentioned article in the New England Journal of Medicine 
stimulated an incredible amount of work, and it remains a classic 
paper in the annals of surgical metabolism. At the time Dr Clowes 
became ill, he was scheduled to visit us in Cincinnati and review our 
data so that we could discuss, in the true spirit of friendship, where 
our data were confirmatory and where they were contradictory. 
Sadly , we did not experience that meeting. 


JOSEF E. FISCHER, MD 


e Muscles from fed or 72-hour fasted rats were incubated in the 
presence of plasma from septic rats, recombinant interleukin 1a 
(riL-1«), or recombinant tumor necrosis factor a (rTNFa), and 
breakdown of total and myofibrillar protein was assessed by 
determining release of tyrosine and 3-methylhistidine, respec- 
tively. Septic plasma stimulated total protein breakdown in mus- 
cles from 72-hour fasted rats by 10% to 20%, while myofibrillar 
protein breakdown was not affected. When septic plasma was 
added to muscles from fed rats, neither tyrosine nor 3-methylhis- 
tidine release was altered. Various concentrations of recombi- 
nant interleukin 1a or recombinant tumor necrosis factor a did 
not affect total or myofibrillar protein breakdown. Since septic 
plasma did not stimulate myofibrillar protein breakdown, the role 
of a circulating factor for muscle proteolysis during sepsis re- 
mains unclear. 

(Arch Surg. 1990;125:510-514) 


he mediators and mechanisms of accelerated muscle pro- 

tein breakdown during sepsis remain unknown. Clowes 
et al’ suggested that a factor in plasma from septic patients 
stimulated muscle proteolysis, and they presented data indi- 
cating that this proteolysis inducing factor (PIF) was a cleav- 
age product of interleukin-1 (IL-1). Baracos et al’ demonstrat- 
ed that the addition in vitro of partially purified human IL-1 
(leukocytic pyrogen) to incubated rat skeletal muscle stimu- 
lated proteolysis and production of prostaglandin E, (PGE,) 
and that reduction of PGE, synthesis by the cyclo-oxygenase 
inhibitor indomethacin reduced protein breakdown. It was 
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proposed that IL-1 enhanced muscle protein breakdown by 
increasing the muscle content of PGE,, which in turn stimu- 
lated lysosomal proteases.’ 

Experiments in other laboratories have not confirmed that 
a plasma factor, IL-1, or PGE, increases muscle proteolysis 
during sepsis. We recently reported that neither addition of 
indomethacin to incubated skeletal muscles from septic rats, 
nor administration of indomethacin in vivo to animals with 
septic peritonitis, reduced muscle proteolysis despite inhibi- 
tion of PGE, production.** Moldawer et al’ reported that IL-1 
or tumor necrosis factor (TNF) added to incubated mouse 
extensor digitorum longus (EDL) muscles increased PGE, 
production but did not affect protein turnover rates, further 
supporting the concept that muscle protein breakdown may 
not be regulated by PGE, levels. 

In other experiments,’ we attempted to duplicate the ef- 
fects of septic plasma on muscle proteolysis reported by 
Clowes et al.’ However, addition of septic plasma to incubated 
rat soleus (SOL) muscles did not affect protein breakdown 
rate. Also, medium from stimulated rat peritoneal macro- 
phages, recombinant IL-la (rIL-1a), and recombinant TNF 
(rTNF) had no effect on muscle protein degradation.’ Similar 
results were reported by Moldawer et al,’ who found that high 
concentrations of rIL-la, recombinant IL-18, or rT™NF did 
not affect protein turnover rates in incubated mouse EDL 
muscles. In that study, however, partially purified superna- 
tant of activated human monocytes increased protein degra- 
dation by almost 50%.” 

One explanation for these contradictory results may be 
different conditions used for the in vitro muscle incubations. 
For example, in the study by Clowes et al,’ plasma from septic 
and injured patients was added to SOL muscles from rats that 
had been fasted for 48 to 72 hours, and the muscles were 
incubated in a stretched state. In our previous study,’ 
stretched SOL muscles from normal, fed rats were used, and 
in the study by Moldawer et al,’ EDL muscles from fed mice 
were incubated in a flaccid state. It is well known that protein 
turnover rates are different in muscles from fed and starved 
animals,’ in different types of skeletal muscle (eg, the red, 
slow-twitch SOL and the white, fast-twitch EDL muscle),* 
and in muscles that are incubated in a stretched or flaccid 
state.” In addition, and more important for this study, the 
response of protein turnover rates to different substances 
may vary under different in vitro conditions and in different 
types of skeletal muscle.""” In the present study, therefore, 
we tested the effect of septic rat plasma, rIL-la, and rTNF on 
protein breakdown in EDL and SOL muscles, harvested from 
fed or fasted rats and incubated in a flaccid or stretched state. 

In previous studies, protein breakdown rates were as- 
sessed by measuring release of tyrosine from incubated mus- 
cles." Although tyrosine release adequately reflects total 
protein degradation, it does not distinguish between break- 
down of myofibrillar (actin and myosin) and nonmyofibrillar 
proteins. In a recent study, we determined degradation rates 
of total and myofibrillar protein by measuring both tyrosine 
and 3-methylhistidine (3-MH) release by incubated muscles.“ 
Results showed that sepsis mainly stimulates the breakdown 
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of myofibrillar proteins (ie, 3-MH release) with only a moder- 
ate effect on nonmyofibrillar proteins. In the current study, 
therefore, both tyrosine and 3-MH release were measured to 
determine if any of the substances added to the muscles could 
induce a typical septic response (ie, a predominant increase in 
3-MH release and breakdown of myofibrillar protein). 


MATERIALS AND METHODS 


Male Sprague-Dawley rats weighing 40 to 60 g were used, since 
animals of this size possess thin EDL and SOL muscles, which 
facilitates diffusion of oxygen and substrates into the muscle under in 
vitro conditions. * Sepsis induced by cecal ligation and puncture 
(CLP), as described previously,” and these animals were used for 
collection of “septic plasma.” Other animals, which were not operated 
on, were either fasted for 72 hours or fed normal rat chow until their 
EDL and SOL muscles were harvested for in vitro incubations. 

Sixteen hours after CLP, rats were decapitated and blood was 
collected in heparinized beakers and immediately centrifuged. Plas- 
ma was collected at this point, since the rate of muscle protein 
breakdown is high 16 hours after CLP.**"*”” Aliquots of the plasma 
were dialyzed overnight against distilled water at 4°C using narrow 
(7.6-mm diameter) dialysis tubing with a nominal molecular weight 
cutoff of 1000 (Spectrapor; Spectrum Medical Industries, Los Ange- 
les, Calif). Samples of the dialyzed plasma were passed through a 
membrane (Amicon UM-30) by pressure ultrafiltration to obtain a 
fraction containing solutes with a molecular weight less than 30 kd. 
Whole septic plasma, dialyzed septic plasma, and the less-than-30-kd 
fraction of septic plasma were stored at —70°C until used, but not 
longer than 10 to 14 days, unless stated otherwise. 

Human rIL-la was obtained from Hoffman-LaRoche Inc, Nutley, 
NJ. The protein was purified from Escherichia coli, and the specific 
activity was 2.5 x 10° leukocyte activating factor units per milligram 
of protein as determined by the Department of Protein Biochemistry 
of Hoffman-LaRoche. Human rTNF was obtained from the Universi- 
ty of Texas Health Science Center, Dallas. 

In previous studies we observed that addition of plasma from septic 
rats to incubated EDL and SOL muscles inhibited amino acid uptake 
by 20% to 30%, similar to the reduction induced by sepsis.” In initial 
experiments, we wanted to ascertain that this biologic activity was 
present in the same septic plasma to be tested for its effect on muscle 
protein breakdown. Amino acid uptake was determined in incubated 
SOL muscles as described previously” by using tritiated a-aminoi- 
sobutyric acid, a synthetic amino acid analogue that is neither metab- 
olized nor incorporated into protein” and that is transported mainly 
by system A.” When the effects of different plasma preparations 
were studied, 0.25 mL of plasma was added to 2.75 mL of medium as 
described by Clowes et al.’ Other substances were added to 3 mL of 
medium in a volume of 30 uL of Krebs-Henseleit bicarbonate buffer. 
Contralateral muscles, incubated in 3 mL of medium without addi- 
tion, served as controls. ) 

Total and myofibrillar protein breakdown rates in incubated mus- 
cles were assessed by measuring release of tyrosine and 3-MH, 
respectively. Tyrosine is neither synthesized nor metabolized in 
skeletal muscle, and if protein synthesis is blocked, the release of 
tyrosine will reflect total protein breakdown. 3-Methylhistidine is a 
minor amino acid, produced by posttranslational modification of histi- 
dine and present only in myofibrillar proteins. It is not degraded or 
reutilized for protein synthesis after its release during protein degra- 
dation.” Stable tissue concentrations of tyrosine and 3-MH in rat 
skeletal muscles, incubated for 2 hours, were reported previously.*” 

The EDL and SOL muscles were dissected with intact tendons 
with the animals under “ap anesthesia. The muscles were 
weighed and then preincubated either flaccid or tied by the tendons at 
resting length on supports made of stainless steel for 30 minutes in 3 
mL of a medium consisting of Krebs-Henseleit bicarbonate buffer 
(pH, 7.4) and glucose (10 mmol/L). The medium was vigorously 
gassed with oxygen-carbon dioxide (95:5) for 15 to 20 minutes imme- 
diately before use. After addition of the muscles, the incubation flasks 
were flushed with oxygen-carbon dioxide (95:5), restoppered, and 
placed in a shaking water bath at 37°C. After preincubation, muscles 
were blotted and transferred to 3 mL of fresh medium containing 
cycloheximide (0.5 mmol/L) and incubated for 2 hours. The flasks 
were repeatedly gassed with oxygen-carbon dioxide (95:5) during 
incubation. 

Different plasma preparations and different substances were add- 
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Table 1.—Tyrosine Release by EDL and SOL Muscles From 
Fed Rats, Incubated Flaccid or Stretched, and in the 
Absence or Presence of Whole Septic Plasma* 


Tyrosine, nmol/g:2 h 


Septic Plasma 
Added 


No Plasma 
Added 


EDL 
Flaccid 


Stretched 


279+16 
224+ 16 


Stretched 


*Results are from six to eight paired muscles in each experiment. EDL 
indicates extensor digitorum longus; SOL, soleus; and NS, not significant. 


ed to one incubated muscle in the same volumes as described above for 
amino acid uptake and were present during both preineubation and 
incubation. Contralateral muscles, incubated without additions, 
served as controls. After incubation, tyrosine and 3-MH in medium 
and muscle perchloric acid extracts were determined by high-perfor- 
mance liquid chromatography as described in detail previously.” 

Results are presented as means + SEMs. Student's t test for paired 
observations was used for statistical comparisons, and P<.05 was 
considered significant. 


RESULTS 


When whole septic plasma was added to incubated flaccid 
SOL muscles from fed rats, «-aminoisobutyric acid uptake, 
measured as intracellular to extracellular distribution ratio, 
was reduced by 17%, from 3.02 +0.15 to 2.51 +0.17 (P<.01, 
n=7 paired muscles), confirming previous reports from this 
laboratory.” Tyrosine release by flaccid SOL muscles from 
fed rats was 364 + 14 nmol/g:2 hours and was not significantly 
altered by the addition of septic plasma (308+20 nmol/g-2 
hours; n = 7 paired muscles). 

Since the metabolic response to various substances in vitro 
may be different in different types of skeletal muscle and may 
also vary in flaccid and stretched muscles,” we next exam- 
ined the effect of whole septic plasma on tyrosine release both 
in the red, slow SOL and in the white, fast EDL muscle, 
incubated in a flaccid or stretched state. No significant effect 
on tyrosine release was noted when the septic plasma was 
added to either flaccid or stretched EDL or SOL muscle from 
fed rats (Table 1). The lower protein breakdown rates in 
stretched compared with flaccid muscles noted here are in line 
with previous reports.*” 

In the experiments described above, aliquots of whole sep- 
tic plasma were added to incubated muscles, similar to the 
report by Clowes et al.’ One problem when whole septic 
plasma was added to incubation medium was the high back- 
ground levels of tyrosine and 3-MH. Thus, when muscles 
were incubated with 0.25 mL of whole septic plasma, approxi- 
mately 60% of total tyrosine in medium at the end of incuba- 
tion was from the plasma added. The corresponding value for 
3-MH was more than 90%. High background levels of the 
amino acids make it difficult to detect small changes in tyro- 
sine and 3-MH released from the muscles, and this may be one 
reason why no effect of whole septic plasma on protein break- 
down was appreciated. To circumvent this problem, we used 
dialyzed septic plasma in subsequent experiments. When 
0.25 mL of dialyzed septic plasma was added to 2.75 mL of 
plain incubation medium without muscle, tyrosine concentra- 
tion was 0.22 nmol/mL and 3-MH was not detectable. 

When dialyzed septic plasma was added to incubated flaccid 
SOL muscles from fed rats, a-aminoisobutyric acid uptake, 
measured as intracellular to extracellular distribution ratio, 
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Table 2.—Tyrosine and 3-MH Release by EDL and SOL Muscles From 72-Hour Fasted Rats, Incubated Flaccid or Stretched, 
and in the Absence or Presence of Dialyzed Septic Plasma* 


3-MH, nmol/ge2 h 


_——_— OO 


Tyrosine, nmol/g:2 h 





Septic Septic 
Plasma Plasma 
Added Added 
EDL 
Flaccid 488+19 540+35 <.05 6.28 + 0.36 5.70+0.40 NS 
Stretched 442+16 535+19 <.01 4.89+0.35 5.55+0.34 NS 
SOL 
Flaccid 525+18 570+28 <.05 4.83+0.37 4.37 + 0.37 NS 
Stretched 403 +26 495+36 <.01 4.22+0.33 4.34+0.29 NS 


*Six to eight paired muscles were used in each experiment. 3-MH indicates 3-methylhistidine; EDL, extensor digitorum longus; SOL, soleus; and NS, not 
significant. 


Table 3.—Tyrosine and 3-MH Release by EDL Muscles From 72-Hour Fasted Rats, Incubated in the Absence or Presence of riL-1a, 
Corticosterone, or a Combination of These Substances* 





MH, nmol/g°2 h 


Tyrosine, nmol/g*2 h 


No Substance Substance No Substance Substance 
Substance Added Added Added Added P 


Pp 
NS ; , NS 


Corticosterone 
(10-5 mol/L) 596 + 32 532 +22 8.35+0.32 8.36 +0.21 


riL-1a@ (5000 U/mL) 
and corticosterone 
(10-5 mol/L) 568 +25 579+22 NS 


*Results are from six to eight paired muscles in each experiment. Muscles were incubated flaccid, except for riL-1a at 1000 and 2500 U/mL and for rTNFa, when 
muscles were incubated fixed at resting length. 3-MH indicates 3-methylhistidine; EDL, extensor digitorum longus; rlL-la, recombinant interleukin 1a; rTNFa, 


7.70 +0.30 7.36 + 0.29 NS 


recombinant tissue necrosis factor «; and NS, not significant. 


was reduced from 2.93 +0.13 to 2.42+0.09 (—17%; P<.01; 
n=7 paired muscles), which is almost identical to the effect 
observed when whole septic plasma was used, illustrating 
that this biologie activity was preserved when plasma was 
dialyzed. Again, however, no significant effect on tyrosine 
release was noted, and 3-MH release was unaffected as well 
when dialyzed septic plasma was added to the muscle (data 
not shown). 

In the study by Clowes et al, the factor in septic plasma 
that stimulated muscle tyrosine release had an estimated 
molecular weight of approximately 4.2 kd, and when the 
biologic activity of different plasma samples was tested, a 
fraction containing solutes with a molecular weight less than 
50 kd was routinely used. The presence of high-molecular- 
weight PIF inhibitors is another reason why low-molecular- 
weight fractions of septic plasma may be more active in 
stimulating muscle protein breakdown than is whole septic 
plasma.” In the next experiment, we therefore tested the 
effect of a fraction of dialyzed septic plasma containing solutes 
with a molecular weight less than 30 kd. When this fraction of 
septic plasma was added to incubated EDL or SOL muscles 
from fed rats, no effect on tyrosine or 3-MH release was noted 
(data not shown). 

Incubated muscles are invariably in a net catabolic state, 
and the catabolism is even more pronounced in muscles from 
starved animals.”* Muscles used in the preceding experiments 
were from fed animals, since we assumed that the effect of a 
PIF would be easiest to detect in a muscle in which protein 
breakdown is not already stimulated to a great extent. How- 
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ever, in the study by Clowes et al,’ muscles were from rats 
that had been fasted for 48 to 72 hours. 

In our next experiment, EDL and SOL muscles from rats 
that had been starved for 72 hours were used. Addition of 
dialyzed septic plasma increased tyrosine release by approxi- 
mately 10% in flaccid and by approximately 20% in stretched 
EDL and SOL muscles, while 3-MH release was not signifi- 
cantly altered by the plasma in any of the muscle preparations 
from starved rats (Table 2). 

When the same dialyzed septic plasma that was used for the 
data in Table 2 had been stered at — 70°C for 6 weeks, its 
proteolysis-inducing capacity was retained, albeit to a some- 
what lower degree. When it was added to seven paired 
stretched EDL muscles from fasted rats, tyrosine release 
was increased from 441 + 10 to 475 + 16 nmol/g:2 hours (+ 8%, 
P<.05). In a repeated experiment with a new batch of dia- 
lyzed septic plasma, tyrosine release by incubated stretched 
EDL muscles from 72-hour starved rats (n=7 paired mus- 
cles) was increased from 432+ 16 to 510 +26 nmol/g:2 hours 
(+18%, P<.01). Again, 3-MH release was unaffected by the 
septic plasma: 8.46 +0.39 and 8.63+0.27 nmol/g:2 hours in 
paired muscles incubated witnout and with the septic plasma, 
respectively. 

Although stable tissue coneentrations of tyrosine and 3-MH 
in rat skeletal muscles, incubated for 2 hours, were reported 
previously,*” it is possible that the presence of different 
substances in the medium may affect the efflux of amino acids. 
Altered concentrations of tyrosine and 3-MH in the medium 
would then reflect changes imtissue pools rather than changes 
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| 
in proteolytic rates. Control experiments were therefore per- 


formed in which tyrosine and 3-MH concentrations were mea- 
sured in EDL muscles from starved rats after incubation for 2 
hours in the absence or presence of dialyzed septic plasma. 
The tissue concentration of tyrosine was 99+5 and 110+6 
nmol/g in muscles incubated in the absence and presence of 
septic plasma, respectively (not significant; n = 9 paired mus- 
cles). The corresponding values for 3-MH were 5.66+0.48 
and 5.05 + 0.60 nmol/g (not significant; n=9 paired muscles). 
Thus, the data presented in Table 2 did not reflect changes in 
tissue levels of the amino acids. 

Results reported by Clowes et al’ suggested that the factor 
in septic plasma stimulating muscle protein breakdown was 
IL-1 or a split product of that substance. Also, Baracos et al’ 
reported that IL-1 increased muscle protein degradation, 
although other substances may have been responsible for the 
effect on muscle proteolysis in that report, since supernatant 
from Staphylococcus albus-stimulated monocytes was used. 
In the present study, we tested the effect of rlL-la and 
rTNFa (cachectin) on muscle proteolysis. When rIL-1la was 
added in increasing concentrations up to 10000 LAF U/mL to 
incubated, flaccid or stretched EDL muscles from 72-hours 
fasted rats, no effect on tyrosine or 3-MH release was noted 
(Table 3). The addition of rTNF a (170 ng/mL), corticosterone 
alone (10 ° mol/L), or corticosterone in combination with rIL- 
la was also without effect on total and myofibrillar protein 
breakdown (Table 3). 


COMMENT 


The present study demonstrates that addition of septic 
plasma to incubated skeletal muscles from fasted rats stimu- 
lated total protein breakdown rate, measured as release of 
tyrosine. The results are in agreement with a study by Clowes 
et al,’ who reported that plasma from septic or injured pa- 
tients increased tyrosine release by incubated SOL muscles 
from starved rats. The current results, however, demon- 
strated that the effect of septic plasma was only present under 
specific in vitro conditions, ie, when muscles from starved 
animals were used, and the effect was most pronounced in 
stretched muscle. Furthermore, even in the muscle prepara- 
tions in which septic plasma enhanced tyrosine release, no 
effect on 3-MH release was observed. This is contrary to the 
metabolic pattern seen in sepsis, when myofibrillar protein 
breakdown (ie, 3-MH release) is markedly enhanced with only 
a moderate increase in nonmyofibrillar protein degradation. ” 

The reduced amino acid uptake observed after addition of 
septic plasma to incubated muscles is similar to findings in 
previous reports from this laboratory.“ The purpose of in- 
cluding these experiments in the present study was to make 
sure that the septic plasma was active at least in one respect 
and to test the hypothesis that inhibited amino acid uptake 
and accelerated muscle proteolysis are mediated by the same 
factor. No efforts were made to characterize further the 
amino acid uptake reducing factor in the current study, but 
previous results suggest that the factor in septic plasma that 
inhibits amino acid uptake is a low-molecular-weight (<2 kd) 
polypeptide, secreted by activated macrophages, but that it is 
not IL-la, IL-18, or TNF.°” 

There may be several reasons why septic plasma, rIL-la, 
or rl NF a did not induce alterations in muscle protein degra- 
dation, characteristic of sepsis. The incubated muscles were 
exposed to the different substances for only 2 1/2 hours. After 
CLP in rats, animals are already septic after 4 to 8 hours,” 
and, consequently, 16 hours after CLP, when muscle proteol- 
ysis is markedly increased,”"*” the muscles have been ex- 
posed to the septic conditions for a substantially longer period 
than in the in vitro preparation. Furthermore, during sepsis 
in vivo, different factors isd act in concert or may potentiate 
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each other. For example, an important interaction between 
IL-1 and glucocorticoids in the induction of acute-phase pro- 
tein synthesis in liver cells has been reported.” We found no 
evidence of a similar interaction in vitro between I[L-la and 
corticosterone with regard to protein breakdown in incubated 
muscles in this study. Whether interaction between mono- 
kines and glucocorticoids in vivo can induce a septiclike re- 
sponse in muscle remains to be determined. 

The present result of unaltered protein breakdown after 
the addition to incubated muscles of rIL-la, even at high 
concentrations, is in line with previous studies.”* In contrast, 
Clowes et al” reported that rIL-18 stimulated tyrosine re- 
lease from incubated rat muscles. We did not test the effect of 
rIL-18 in this study, but when Moldawer et al’ added rIL-18 
to incubated mouse EDL muscles, no effect on tyrosine re- 
lease was observed. One reason monokines, produced by 
recombinant DNA technology, do not alter protein break- 
down may be that they differ in some fashion from the biologi- 
cally derived molecules. In addition, recent studies suggest 
that naturally occurring IL-1 is degraded into smaller, active 
fragments.” The PIF in septic plasma was described by 
Clowes et al’ to have a molecular weight of 4.2 kd and was 
suggested to be a cleavage product of IL-1. 

In addition to IL-1, TNF is another cytokine that has been 
suggested to mediate various metabolic responses to sepsis 
and endotoxemia.” The current result of unaltered protein 
degradation after the addition of rTNF to incubated muscles 
is in agreement with the report by Moldawer et al,’ in which 
high concentrations of human rTN Fa (2200 ng/mL) stimulat- 
ed PGE, production but did not alter tyrosine release in 
incubated mouse EDL muscle. 

Although in vitro studies do not necessarily reflect the in 
vivo situation, experiments in vitro allow for the study of the 
isolated effects of different substances, which is important 
when mediators and mechanisms of metabolic alterations are 
elucidated, and this is why incubated muscles were employed 
in this study. In a recent report, administration in vivo of 
human or murine rIL-la or human rIL-18 for up to 5 days in 
mice did not induce changes in muscle protein degradation.” 
In the same study, in vivo administration of crude macro- 
phage secretory products enhanced protein breakdown in 
EDL muscles, but the data did not permit a conclusion wheth- 
er the stimulation of muscle proteolysis was a direct or indi- 
rect effect of a macrophage secretory product. Administra- 
tion of etiocholanolone to healthy volunteers resulted in fever 
and increased plasma levels of IL-1, but no increase in net 
release of amino acids from skeletal muscle was observed,” 
further supporting the concept that IL-1 may not be a media- 
tor of accelerated muscle proteolysis. Two recent reports, 
published after the completion of the present study, also 
found no evidence that accelerated muscle proteolysis is in- 
duced by IL-la, IL-18, TNFa, or other known monokines.”” 

Although the present study did not define the substance or 
substances that induce muscle proteolysis during sepsis, the 
results are important since they explain some of the contro- 
versy that exists regarding the possible presence of a PIF in 
septic plasma. The results also illustrate the importance of 
specifically measuring myofibrillar protein breakdown when 
possible mediators or mechanisms of the septic response in 
muscle are elucidated. Finally, the results suggest that re- 
duced amino acid uptake and accelerated protein breakdown 
in skeletal muscle during sepsis may be mediated by different 
substances. 


This study was supported in part by National Institutes of Health (Bethesda, 
Md) grant 1 R01 DK37909-01. 

Human rIL-la was kindly supplied by Peter Lomedico, PhD, (Hoffman- 
LaRoche Inc, Nutley, NJ). Human rTNF was kindly supplied by Bruce 
Beutler, MD, (University of Texas Health Science Center, Dallas). 
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Invited Commentary 


Skeletal muscle protein wasting is a ubiquitous finding during 
infection and sepsis. However, identifying the endogenous media- 
tors behind this progressive catabolism of lean tissue has been 
problematic. In 1983, Clowes et al’ reported that the serum of 
septic patients contained a low-molecular-weight, proteinaceous 
factor (approximately 4 kd) that increased skeletal muscle protein 
degradation in vitro. In later studies, Dinarello et al’ concluded 
that this low-molecular-weight PIF was a biologically active deg- 
radation product of IL-18. Since then, many groups have sought 
to identify the relationship between PIF and other known inflam- 
matory cytokines. Several laboratories have failed to demon- 
strate a direct role for either IL-1 or TNF-a in in vitro skeletal 
muscle protein catabolism.** Furthermore, antibodies against IL- 
18, which neutralize the lymphoproliferative activity of stimulat- 
ed blood monocytes, do not block the in vitro protein catabolic 
activity, suggesting that PIF activity is immunologically distinct 
from 17 kd IL-1.° In the preceding article, Hasselgren and col- 
leagues further demonstrate that the in vitro proteolytic activity 
of serum from rats with peritonitis is limited to nonmyofibrillar 
proteins from muscles of fasted, but not fed, rats. 

What, then, is the nature of PIF, as described originally by 
Clowes et al’? That PIF exists there can be little doubt. Several 
laboratories have confirmed the presence of a low-molecular- 
weight factor from both stimulated blood leukocytes and the 
serum of patients and experimental animals with sepsis that 
induces total skeletal muscle protein catabolism in vitro."”” How- 
ever, the nature of this factor has remained elusive. Now, 7 years 
after the original description of a peptide with PIF activity, we 
are no closerto understanding whether PIF is a biologically active 
fragment of IL-16 or is the activity of some other undescribed 
endogenous mediator. 

This fundamental question can be answered only by system- 
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atically isolating and purifying PIF. Surgical investigators must 
employ the tools of the protein chemist and molecular biologist to 
obtain sufficient quantities of highly purified protein required to 
generate the necessary monoclonal antibodies and to obtain com- 
plementary DNA probes. Only with these tools will a systematic 
evaluation of PIF’s biologic actions, the regulation of its produc- 
tion, and its homology to known cytokines be resolved. Until then, 
PIF will exist only as a functional term, and efforts to understand 
more completely the mechanisms behind skeletal muscle protein 
catabolism, a campaign that Dr Clowes led for many years, will 
remain incomplete. 


LYLE L. MOLDAWER, PhD 
New York, NY 
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Contraindications: PRIMAXIN®* (Imipenem-Cilastatin Sodium, MSD) is contraindicated in 
patients who have shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY (anaphylactic) REAC- 
TIONS HAVE BEEN REPORTED IN PATIENTS RECEIVING THERAPY WITH BETA LACTAMS. 
THESE REACTIONS ARE MORE APT TO OCCUR IN PERSONS WITH A HISTORY OF SENSITIVITY 
TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENICILLIN HYPERSENSI- 
TIVITY WHO HAVE EXPERIENCED SEVERE HYPERSENSITIVITY REACTIONS WHEN TREATED 
WITH ANOTHER BETA LACTAM. BEFORE INITIATING THERAPY WITH ‘PRIMAXIN,’ CAREFUL 
INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSENSITIVITY REACTIONS TO 
PENICILLINS, CEPHALOSPORINS, OTHER BETALACTAMS, AND OTHER ALLERGENS. IF AN 
ALLERGIC REACTION TO ‘PRIMAXIN’ OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPER- 
SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been mpana with virtually all antibiotics, including PRIMAXIN; 
therefore it is important to consider its diagnosis in patients who develop diarrhea in association 
with antibiotic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontinuance alone. In more 
severe Cases, Sede. ole may include sigmoidoscopy, ap one bacteriologica! studies, 
fluid, electrolyte, and protein supplementation, and the use of a drug such as oral vancomycin, 
as iene Isolation of the patient may be advisable. Other causes of colitis should also be 
considered. 


Precautions: General- CNS adverse experiences such as confusional states, myoclonic activity, 
and seizures have been reported during treatment with PRIMAXIN, especially when recom- 
mended dosages were exceeded. These experiences have occurred most commonly in patients 
with CNS disorders (e.g., brain lesions or history of seizures) and/or compromised renal func- 
tion. However, there have been reports of CNS adverse experiences in patients who had no rec- 
ognized or documented underlying CNS disorder or compromised renal function. 


Patients with severe or marked impairment of renal function, whether or not undergoing hemo- 
dialysis, had a higher risk of seizure activity when receiving maximum recommended doses than 
those with no impairment of renal function; therefore, maximum recommended doses should 
be used only where clearly indicated (see DOSAGE AND ADMINISTRATION). 


Patients with creatinine clearances of <5 mL/min/1.73 m2 should not receive PRIMAXIN unless 
hemodialysis is instituted within 48 hours. 


For patients on hemodialysis, PRIMAXIN is recommended only when the benefit outweighs the 
potential risk of seizures. 


Close adherence to the recommended dosage and dosage schedules is urged, especially in 
patients with known factors that predispose to convulsive activity. Anticonvulsant therapy 
should be continued in patients with known seizure disorders. If focal tremors, myoclonus, or 
seizures occur, patients should be evaluated neurologically, placed on anticonvulsant therapy if 
not already instituted, and the dosage of PRIMAXIN re-examined to determine whether it should 
be decreased or the antibiotic discontinued. 


As with other antibiotics, prolonged use of PRIMAXIN may result in overgrowth of nonsuscepti- 
ble organisms. Repeated evaluation of the patient’s condition is essential. If superinfection 
occurs during therapy, appropriate measures should be taken. While PRIMAXIN possesses the 
characteristic low toxicity of the beta-lactam group of antibiotics, periodic assessment of organ 
system function during prolonged therapy is advisable. 


Drug Interactions — Since concomitant administration of PRIMAXIN and probenecid results in 
only minimal increases in plasma levels of imipenem and plasma half-life, it is not recommended 
that probenecid be given with PRIMAXIN. 


PRIMAXIN should not be mixed with or pica added to other antibiotics. However, 
ee may be administered concomitantly with other antibiotics, such as aminoglyco- 
sides. 


Carcinogenesis, Mutagenesis, Impairment of Fertility - Gene toxicity studies were performed in 
a variety of bacterial and mammalian tests in vivo and in vitro. The tests were: V79 mammalian 
cell mutation assay (PRIMAXIN alone and imipenem alone), Ames test (cilastatin sodium 
alone), unscheduled DNA synthesis assay (PRIMAXIN), and in vivo mouse cytogenicity test 
(PRIMAXIN). None of these tests showed any evidence of genetic damage. 


hay yr mee tests in male and female rats were performed with PRIMAXIN at dosage levels up 
to 8 times the usual human dose. Slight decreases in live fetal body weight were restricted to the 
highest dosage level. No other adverse effects were observed on fertility, reproductive perfor- 
mance, fetal viability, growth, or postnatal development of pups. Similarly, no adverse effects on 
ne fetus or on lactation were observed when PRIMAXIN was administered to rats late in gesta- 
ion, 


Pregnancy - Ae bene Category C: Siegen studies with cilastatin sodium in rabbits and 
rats at 10 and 33 times the usual human dose, respectively, showed no evidence of adverse 
effect on the fetus. No evidence of teratogenicity or adverse effect on postnatal growth or behav- 
ior was observed in rats given imipenem at dosage levels up to 30 times the usual human dose. 
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Similarly, no evidence of adverse effect on the fetus was observed in teratology studies in rabbits 
with imipenem at dosage levels at the usual human dose. 


Teratology studies with PRIMAXIN® (Imipenem-Gilastatin Sodium, MSD) at doses up to 11 times 
the usual human dose in pregnant mice and rats during the period of major organogenesis 
revealed no evidence of teratogenicity. 


Data from preliminary studies suggest an apparent intolerance to PRIMAXIN (including emesis, 
inappetence, body weight loss, diarrhea, and death) at doses equivalent to the average human 
dose in pregnant rabbits and cynomolgus monkeys that is not seen in nonpregnant animals in 
these or other species. In other studies, PRIMAXIN was well tolerated in equivalent or higher 
doses (up to 11 times the average human dose) in pregnant rats and mice. Further studies are 
under way to evaluate these findings. 


There are, however, no adequate and well-controlled studies in pregnant women. PRIMAXIN 
should be used only if the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers — It is not known whether this drug is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when PRIMAXIN is administered 
to a nursing woman. 


Pediatric Use — Safety and effectiveness in infants and children below 12 years of age have not 
yet been established. 


Adverse Reactions: PRIMAXIN is generally well tolerated. Many of the 1,723 patients treated in 
Clinical trials were severely ill and had multiple background diseases and physiological impair- 
barre vi i it difficult to determine causal relationship of adverse experiences to therapy with 


Local Adverse Reactions - Local adverse clinical reactions that were reported as possibly, prob- 
ably, or definitely related to therapy with PRIMAXIN were: phlebitis/thrombophlebitis (3.1 on 
pain at the injection site (0.7%), erythema at the injection site (0.4%), vein induration (0.2% 
infused vein infection (0.1%). 


Systemic Adverse Reactions —- The most frequently reported systemic adverse clinical reactions 
that were reported as possibly, probably, or definitely related to PRIMAXIN were: nausea 
(2.0%), diarrhea (1.8%), vomiting (1.5%), rash (0.9%), fever (0.5%), hypotension 29) 
seizures (0.4%) (see PRECAUTIONS), dizziness (0.3%), pruritus (0.3%), urticaria (0.2% 
somnolence (0.2%). 


Additional adverse systemic clinical reactions reported as possibly, probably, or definitely drug 
related occurring in less than 0.2% of the patients or reported since the drug was marketed are 
listed within each body system in order of decreasing severity: Gastrointestinal - 
pseudomembranous colitis (see WARNINGS), hemorrhagic colitis, hepatitis (rarely), gastroen- 
teritis, abdominal pain, glossitis, tongue papillar hypertrophy, heartburn, pharyngeal pain, 
increased salivation; CNS — encephalopathy, tremor, confusion, myoclonus, paresthesia, ver- 
tigo, headache, psychic disturbances; Special Senses - transient hearing loss in patients with 
impaired hearing, tinnitus, taste perversion; Respiratory—chest discomfort, dyspnea, hyperven- 
tilation, thoracic spine pain; Cardiovascular — palpitations, tachycardia; Skin — toxic epidermal 
necrolysis (rarely), erythema multiforme, facial edema, flushing, cyanosis, hyperhidrosis, skin 
texture changes, candidiasis, pruritus vulvae; Body as a Whole - polyarthralgia, asthenia/weak- 
ness; Renal- acute renal failure (rarely), oliguria/anuria, polyuria. The role of PRIMAXIN in 
changes in renal function is difficult to assess, since factors predisposing to pre-renal azotemia 
or to impaired renal function usually have been present. 


Adverse Laboratory Changes — Adverse laboratory changes without regard to drug relationship 
that were reported during clinical trials or reported since the drug was marketed were: Hepatic — 
increased SGPT, SGOT, alkaline phosphatase, bilirubin, and LDH; Hemic — increased eosino- 
phils, positive Coombs test, decreased WBC and neutrophils, including agranulocytosis, 
increased WBC, increased platelets, decreased platelets, decreased hemoglobin and hemato- 
crit, increased monocytes, abnormal prothrombin time, increased lymphocytes, increased 
basophils; Electrolytes - decreased serum sodium, increased potassium, increased chloride; 
Renal — increased BUN, creatinine; Urinalysis — presence of urine protein, urine red blood cells, 
urine white blood cells, urine casts, urine bilirubin, and urine urobilinogen. 


NOTE: Due to the high antimicrobial activity of PRIMAXIN, it is recommended that the maximum 
total daily dosage not exceed 50 mg/kg/day or 4.0.g/day, whichever is lower. 


How Supplied: PRIMAXIN is supplied as a sterile powder mixture in vials, infusion bottles, and 
single-dose ADD-Vantage®* vials containing imipenem anhydrous and cilastatin sodium as fol- 
lows: 250 mg imipenem equivalent and 250 mg cilastatin equivalent; 500 mg imipenem equiva- 
lent and 500 mg cilastatin equivalent. 


Caution: The suspension from vials is not for direct infusion. 
* Registered trademark of Abbott Laboratories, Inc. 





For more detailed information, consult eo MSD Representative or see ERCK 
Prescribing Information. Merck Sharp & Dohme, Division of Merck & Co., Inc., SHAR 
West Point, PA 19486 J9PR40(409) OHM 
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AFTER GAUGING 
THE NEED FOR IRON 


CAUTION: Federal law prohibits dispensing without prescription. 
WARNING: 


THE PARENTERAL USE OF COMPLEXES OF IRON AND CARBOHYDRATES 
HAS RESULTED IN ANAPHYLACTIC-TYPE REACTIONS. DEATHS AS- 
SOCIATED WITH SUCH ADMINISTRATION HAVE BEEN REPORTED. THERE- 
FORE, IMFERON SHOULD BE USED ONLY IN THOSE PATIENTS IN WHOM THE 
INDICATIONS HAVE BEEN CLEARLY ESTABLISHED AND LABORATORY IN- 
VESTIGATIONS CONFIRM AN IRON DEFICIENT STATE NOT AMENABLE TO 
ORAL IRON THERAPY. 


DESCRIPTION: IMFERON (iron dextran injection, USP) is a dark brown, slightly viscous 
sterile liquid complex of ferric oxyhydroxide and low molecular weight dextran derivative in 
approximately 0.9% w/v sodium chloride for intravenous or intramuscular use. It contains 
the equivalent of 50 mg elemental iron (as an iron dextran complex) per mL. The pH of the 
solution is between 5.2 and 6.5. The multiple dose vial also contains 0.5% w/v phenol (for 
intramuscular use only). 


INDICATIONS: Intravenous or intramuscular injections of iron dextran are indicated for 
treatment of patients with documented iron deficiency in whom oral administration is unsat- 
isfactory or impossible. 

CONTRAINDICATIONS: Hypersensitivity to the product. All anemias not associated with 
iron deficiency. 


WARNINGS: See Boxed WARNING. 

A risk of carcinogenesis may attend the intramuscular injection of iron-carbohydrate com- 
plexes. Such complexes have been found under experimental conditions to produce sar- 
coma when large doses or small doses injected repeatedly at the same site were given to 
rats, mice, and rabbits, and possibly in hamsters. 

The long latent period between the injection of a potential carcinogen and the appearance 
of a tumor makes it impossible to measure accurately the risk in man. There have, however, 
been several reports in the literature describing tumors at the injection site in humans who 
had previously received intramuscular injections of iron-carbohydrate complexes. 


Large intravenous doses, such as used with total dose infusions (TDI), have been associ- 
ated with an increased incidence of adverse effects. The adverse effects frequently are 
delayed (1-2 days) reactions typified by one or more of the following symptoms: arthralgia, 
backache, chills, dizziness, moderate to high fever, headache, malaise, myalgia, nausea, 
and vomiting. The onset is usually 24-48 hours after administration and symptoms gener- 
ally subside within 3-4 days (such symptoms have been well recognized since iron dextran 
was first used), These symptoms have also been reported following intramuscular injection 
and usually subside within 3-7 days. The etiology of these reactions is not known. The 
potential for a delayed reaction must be considered when estimating the risk/benefit of 
treatment. 


The maximum intravenous daily dose should not exceed 2 mL undiluted iron dextran. 


This preperation should be used with extreme care in patients with serious impairment of 
liver function. 
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APACHE II Score Does Not Predict 
Multiple Organ Failure or Mortality 


in Postoperative Surgical Patients 


Frank B. Cerra, MD; Francesco Negro, MD; Jerome Abrams, MD 


e Aclinical study was undertaken to evaluate the ability of the 
APACHE (acute physiology and chronic health care) Il system to 
predict the development of multiple organ failure syndrome and 
subsequent mortality. The study was conducted in a university 
general surgery intensive care unit using the admission APACHE 
ll score. Over a 1-year period, 92 patients qualified for the study, 
24 of whom survived, 69 of whom suffered multiple organ failure 
syndrome, and 68 of whom died. The APACHE Il score did not 
predict the development of multiple organ failure syndrome or 
mortality with clinical utility and significantly underestimated the 
potential for the development of multiple organ failure syndrome. 
Factors that did predict the development of multiple organ failure 
syndrome and mortality were the time-dependent changes in the 
Pao,-to-fraction of inspired oxygen ratio and serum lactate, cre- 
atinine, and bilirubin levels. Better markers of cell injury are 
needed for use in decision making and quality assurance analy- 
sis in surgical patients. 

(Arch Surg. 1990;125:519-522) 


he complexity of providing care in surgical intensive care 

units (SIC Us) will increasingly rely on the use of a meth- 
od that discriminates the severity of illness and clinical out- 
come and can also be applied prospectively in the decision 
making that occurs in these units. This need arises from the 
increasing limitation of available critical care resources, the 
necessity of such information in planning, staffing, and sup- 
port service functions, the successful functioning of quality 
assurance programs, the increasing cost of providing inten- 
sive care unit (ICU) services, and a number of ethical consid- 
erations in providing that critical care. 

The APACHE (acute physiology and chronic health evalu- 
ation) II system is one such severity indexing method that has 
been proposed for use in the SICU." The APACHE II pro- 
cess records selected physiologic variables within 24 hours of 
admission to the SICU. From these data, a score is calculated 
for a given patient. Based on a population analysis of out- 
comes related to these scores, a prediction of mortality is 
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provided for the patient being assessed.” It is proposed that 
this score become an integral component of medical decision 
making and resource application as it pertains to the same 
patient. In aggregate overtime for the SICU, the scores are 
also intended for use as a quality assurance tool. This latter 
function is facilitated by data on expected outcomes derived 
from analysis of a national database. By comparing unit out- 
comes stratified by severity to the expected national norms, 
quality assurance analysis is facilitated.* 

In evaluating the APACHE II system for application in the 
SICU, it is evident that the process assumes that the physio- 
logic abnormalities observed within the first 24 hours of an 
SICU admission will accurately reflect the subsequent clini- 
cal course and outcome of an individual patient and, in aggre- 
gate, the SICU. As multiple organ failure syndrome (MOFS) 
represents a process in surgical patients that may not mani- 
fest itself within the first 24 hours after injury,“ the present 
study was undertaken to evaluate the ability of the APACHE 
II system to predict the development of MOFS and its out- 
come in a general SICU environment in a university hospital. 


MATERIALS AND METHODS 


The evaluation was performed during a 1-year period in the Gener- 
al Surgery Intensive Care Unit at University Hospital, University of 
Minnesota, Minneapolis, as part of a protocol approved by the 
Committee on the Use of Human Subjects in Research at the Univer- 
sity of Minnesota. The SICU admits approximately 800 general 
surgery patients per year for a mean length of stay of 3.8 days. 
Because the intent of the study was to focus on the subgroup of 
patients in whom MOFS developed, and because many of the patients 
are tertiary referrals who have had their initial surgical and ICU 
treatment elsewhere, criteria were established for inclusion into the 
study. The criteria included the following: (1) the presence of a 
defined event that precipitated the SICU admission at University 
Hospital, eg, septic shock, hemorrhagic shock, or polytrauma; (2) 
surgical intervention within 24 hours of the event; (3) occurrence of 
the event and the surgery within 24 hours of admission to the SICU at 
University Hospital; (4) development of pulmonary failure requiring 
mechanical ventilation within 5 days of SICU admission; and (5) 
requirement of SICU therapy for more than 5 days. 

Multiple organ failure syndrome was defined in the traditional 
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Table 1.—Admission Disease* 


Disease Total Survivors MOFS 
Polytrauma 10 8 2 
Severe sepsis 37 6 31 | 


Major 
hemorrhage 33 8 25 


Pancreatitis 2 0 2 
Transplant-sepsis 10 2 8 
Total 92 24 68 





*MOFS indicates multiple organ failure syndrome. 


Table 2.—Demographic Data* 


Survived Died 
Age, y 49.2+4.4 60.3 + 2.6f 
ICU, d 11.0+4.4 17.7 1.2% 


Ventilator, d 7.5+2.2 15.2+2.3t 
Hospital, d 23.3+2.9 27.8+2.0 
















*ICU indicates intensive care unit. Values are mean + SE. 
tP<.05. 
Table 3.—Outcome Summary* 
Survived Died 
————— a —_—_—_—_—_—_—_—_A._ 
MOFS No MOFS MOFS No MOFS 
(n=1) (n=23) (n=68) (n=0) 


Died ae ae 99 on 
Dialysis 0 


0 31 0 
Return renal 
function 0 0 24 0 


*MOFS indicates multiple organ failure syndrome. Values are percents. 






manner as an event followed by pulmonary failure and the subsequent 
development of liver and/or renal failure that may also have accompa- 
nying encephalopathy, coagulopathy, wound failure, and gastrointes- 
tinal hemorrhage.*’ Renal failure was defined as a progressively 
rising serum creatinine value and/or the initiation of dialysis; liver 
failure was defined as a progressively rising serum bilirubin level 
together with a progressively falling serum transferrin level in the 
presence of nutritional support, either enteral or parenteral.”**” 

This method provided a pool of 92 patients for analysis. To assess 
for missed MOFS or mortality before the 5-day entrance criteria, a 
random sample of 50 cases from those not included in the study was 
analyzed for the presence of MOFS and a mortality outcome. This 
analysis revealed two deaths, both from myocardial infarction, and no 
missed cases of MOFS. The variables used in the analysis were ICU 
mortality; ICU length of stay; age; admission disease; admission 
APACHE II score; daily serum bilirubin, creatinine, transferrin, and 
lactate values; daily PaO,-to-fraction of inspired oxygen (Fi0,) ratio; 
and alkaline phosphatase and aspartate aminotransferase values de- 
termined every 3 days. 

Data analysis was performed with the techniques of multiple re- 
gression and analysis of variance for multiple variables. Significance 
was tested by two-tailed t test or z scores where appropriate. Ob- 
served vs expected mortality analysis was done with the x? method.” 
Significanee was defined at the P<.05 level in all cases. 


RESULTS 


Ninety-two patients fulfilled the entrance criteria and were 
included in the analysis. The admission disease and occur- 
rence of MOFS are summarized in Table 1. Polytrauma was 
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Fig 1.—The observed (open squares) and expected (closed dia- 
monds) distributions of APACH= (acute physiology and chronic 
health) II scores on admission tc the surgical intensive care unit in 
postoperative patients. With the exception of the score range 5 to 10, 
the curves are superimposable. 


defined as at least two major organ systems involved, eg, 
pelvic fracture and pulmonary contusion. The sepsis entries 
were all abdominal in origin and had a surgically identified 
source and bacteriologic characterization. The bleeding cate- 
gory included gastrointestinal hemorrhage in which bleeding 
varices were not present on endoscopy. The transplant pa- 
tients were renal and/or pancreas recipients who entered 
with an infectious complication. 

Systemic antimicrobial agents were administered accord- 
ing to clinical or laboratory ndications in all patients. No 
patient received gut decontamination. All patients received a 
nutrition regimen by the enteral and/or parenteral route with 
a goal of providing 126 to 147 kJ/kg per day with 1.5 to 2.0 g/kg 
of amino acid, 3 to 5 g/kg of carbohydrate, and 1.0 g/kg of fat 
per day. Oxygen transport was optimized daily in all patients 
to maintain the absence of demonstrable flow dependency. 

Additional group characterstics are given in Table 2. Pa- 
tients who died were older, spent a longer time receiving 
ventilatory assistance, and had a longer ICU course. They did 
not, however, spend a longer time in the hospital. Rather, 
survivors and nonsurvivors d:d not have a statistical differ- 
ence in the total number of hospital days. Mortality is summa- 
rized in Table 3. All deaths were from MOFS. One patient 
survived MOFS and left the hospital. Twenty-one patients 
received hemodialysis and all died. Five patients who re- 
ceived hemodialysis had a return of renal function that was 
adequate enough to require no further dialysis. All of these 
patients also died. 

The APACHE II data are sammarized in Figs 1 through 3 
and Table 4. The distribution cf admission APACHE II scores 
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% Observed 


Admission APACHE II Score 


Fig 2.—The relationship between admission APACHE (acute physiol- 
ogy and chronic health) Il score and outcome, with open squares 
indicating percent who survived and closed diamonds, percent who 
died. Even though the score was statistically lower in survivors, the 
score was of little bedside utility in decision making and resource 
application. 


was the same as expected for a postoperative ICU popula- 
tion,” with the exception of there being fewer than expected in 
the 5 to 10 score range. The overall admission APACHE II 
score was statistically lower for survivors than nonsurvivors. 
Within each score range, however, the observed mortality 
was far greater than expected.’ 

Further analysis identified discriminators of outcome when 
time after injury was included as an independent variable. 
These discriminators are given in Table 5. When all four 
variables were used at their respective time point, the pre- 
dicted and observed mortality was 99%. In patients who 
subsequently survived, an abnormal serum creatinine and/or 
bilirubin level frequently developed. These values, however, 
did not progressively rise and they returned to the normal 
range. In those patients who subsequently died, however, 
these same values continued to rise. The element of change 
over time was the major discriminating function that sepa- 
rated survivors from nonsurvivors. A similar analysis was 
found with serum lactate and the Pao,/Fio, ratio. If the crite- 
rion of progressive rise in the serum creatinine and/or biliru- 
bin level is used, MOFS has an observed mortality of 99%. If 
instead of that criterion only a threshold level of the upper 
limits of normal had been used, then the expected mortality of 
MOFS would have been 77%. 


COMMENT 


This study was undertaken in surgical patients at risk for 
MOFS to evaluate the ability of the APACHE II score to 
predict the development of MOFS and subsequent mortality. 
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Fig 3.—The observed (open squares) and expected (closed dia- 
monds) mortality in each score range. The admission APACHE (acute 
physiology and chronic health evaluation) | score consistently under- 
estimated the subsequent development of multiple organ failure syn- 
drome and mortality. 


Table 4.— Admission Apache II Score vs Outcome* 


Mortality, % 
Score 
Range Total Survived Died Observed Expected P 


0-5 10 5 
5-10 20 

10-15 31 

15-20 17 


30-35 3 


*Overall admission APACHE (acute physiology and chronic health evalua- 
tion) Il score: survived, 12.3+ 1.2 (mean + SE), 5 to 30 (range); died, 17.1+0.9 
(P<.05), 5 to 35. 





Table 5.—Discriminators of Survival* 


Day After 
Discriminator Admission Survived Died 


Pao,/Fio, ratio 1 311+25 233+14 


Lactate, mmol/L 0.1+0.0 0.4+0.1 


2 
Bilirubin, pmol/L 6 38+ 10 145+9 


Creatinine, pmol/L 12 170+50 340 +30 










*Fio, indicates fraction of inspired oxygen. Values are mean + SE. 
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When the overall score was considered, survivors had a lower 
mean. Given the difference between the means of survivors 
and nonsurvivors and the range of scores in both, the overall 
score was not very useful in decision making at the bedside, 
and the score predicted a mortality score much lower than 
that observed. Within each score range, the admission 
APACHE II score did not predict survival from nonsurvival 
and significantly underestimated the potential for develop- 
ment of MOFS in this population. Since mortality and MOFS 
were tightly bound (99%), the predictive capacity for MOFS 
and that of mortality would be the same. From the utility 
viewpoint, it is also of note that the patient population se- 
lected for this study was that segment of the SICU population 
where the greatest use of ICU resources is found. 

The question arises as to why this problem exists for the 
_ APACHE II score in this population of surgical patients. One 
explanation probably relates to the disease process of MOFS. 
This response to injury has been described following poly- 
trauma, severe sepsis, hypovolemic shock, and persistent 
inflammatory states such as noninfected pancreatitis.*? These 
were also the causes observed in the study presented. Char- 
acteristic of the process of MOFS is that the extent of organ 
injury becomes manifest several days after admission to the 
ICU.“ In addition, resuscitation frequently occurs in places 
other than the ICU, such as the operating room, the ambu- 


lance, or the emergency department. Thus, the patient is 
frequently physiologically stabilized before admission to the 
ICU. Asan additional consideration, the Glasgow Coma Scale 
has predictive capacity for patients with trauma-induced 
closed head injury. In the setting of patients whose mental 
capacity is iatrogenically altered with anesthesia, sedatives, 
or narcotics, however, the Glasgow score probably should not 
be expected to have the same prognostic significance as in 
closed head injury. The APACHE II score, then, might not be 
sensitive to these phenomena and could underestimate the 


potential for subsequent devetopment of MOFS, as was ob- 


served in the present study. 

Thus, a predictive severity index for use in surgical pa- 
tients would need to take into account the disease process 
accounting for the altered ouzcome, the prior therapy that 
may have been used to stabilize the patient, and the time 
needed for the injury to become physiologically manifested. 
Indicators of cellular injury that may not be manifest at the 
time of initial injury might greatly improve the predictive 
capacity. While these markers are in the developmental 
stage, perhaps those identifiec in this study would be useful. 
It is evident that additional research is needed in this area. 
Furthermore, in whatever system is developed, there is a 
great need to verify the database in the groups of patients 
where subsequent use is intenced. 
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The Budd-Chiari Syndrome and Hepatic 


Veno-occlusive Disease 


Recognition and Treatment 
| 
William V. McDermott, Mp; FACS, Paul M. Ridker, MD 


è In a review of 29 patients who were surgically treated by 
combined hepatic and portal decompression for intractable asci- 
tes, 18 were identified as falling into the category of the Budd- 
Chiari syndrome, with varying causes. Of this group, 2 patients 
were distinguised by the classical hepatic venous endophlebitis 
described by Chiari and later by Bras et al. Recently, this disease 
entity has been recognized as being due to the toxic effects of 
pyrrolizidine alkaloids contained in the Senecio and Crotolaria 
plants. In the first of these two cases the patient had emigrated 
from Jamaica and was exposed to “bush teas,” but no chemical 
measurements were done. The second patient had consumed a 
large amount of comfrey teas, which were shown to contain high 
levels of pyrrolizidine alkaloids. These two cases add further 
weight to the existing evidence of the toxic effect of these alka- 
loids, and also demonstrate the effectiveness of hepatic and 
portal decompression. 

(Arch Surg. 1990;1 PERDEN 


he Budd-Chiari syndrome is applied in present-day liter- 

ature to a diffuse group of patients who present with an 
outflow obstruction of the liver characterized clinically by 
hepatomegaly and refractory ascites. A number of diverse 
causative abnormalities involving the hepatic venous bed, the 
major hepatic veins, and the retrohepatic or suprahepatic 
vena cava are included in this syndrome. Obstruction may be 
caused by thrombosis of the hepatic veins in the setting of 

° i ° . ° . 

polycythemia vera, myeloproliferative disorders, and a vari- 
ety of hypercoagulable states. Anatomic abnormalities of the 
vena cava causing the jae syndrome include idio- 
pathic membranous obstruction and congenital valve leaflets. 
Neoplastic diseases, through hepatic infiltration or from ex- 
trinsic compression, can also cause obstruction of the hepatic 
venous tree. These various causes of the Budd-Chiari syn- 
drome are categorized in Fig 1. Many of these cases of refrac- 
tory ascites have been corrected by a double’ or side-to-side” 
portacaval shunt or ameliorated by insertion of a peritoneal- 
atrial shunt.” 

On detailed review of the 1857 report by Budd’ and the 1899 
report by Chiari”, however, it appears that the seven original 
cases of the Budd-Chiari syndrome were of a much rarer 
cause. In particular, Chiari’s report describes refractory asci- 
tes caused by “endophlebitis obliterans,” a process of fibrous 
deposition in and around the hepatic venules and central 
veins. This condition has come to be recognized as hepatic 
veno-occlusive disease (VOD). It is with this unusual sub- 
group of the Budd-Chiari syndrome and its causative agent, 
the pyrrolizidine alkaloids, that this report is specifically 
concerned. 


ims he AND METHODS 


During a 25-year period 29 patients with a postsinusoidal 
block in venous outflow from the liver (often grouped together 


as the Budd-Chiari syndrome) have been treated surgically 
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by peritoneal-atrial shunting or by combined hepatic and 
splanchnic decompression (double or side-to-side portacaval 
shunt).** The causative factors resulting in these cases of 
refractory ascites have included postnecrotic cirrhosis, occlu- 
sion of the major hepatic veins or retrohepatic vena cava, 
metastatic or primary hepatic malignancy, and the two cases 
of VOD that formed the basis of this report and provide 
further confirmation of the role of herbal teas containing 
pyrrolizidine alkaloids in the causation of this disease entity. 


REPORT OF CASES 


CASE 1.—A 56-year-old man was admitted to the Surgical Services 
of the Massachusetts General Hospital in 1958 for intractable ascites 
and intrinsic liver disease. The metabolic derangements were de- 
scribed in a previous report’ and were consistent with hepatocellular 
dysfunction as defined by a general liver index of 2.9 (range, 1 to 4). 

A double portacaval shunt was created and resulted in a satisfac- 
tory clinical recovery and dissipation of the intractable ascites. The 
patient had known coronary artery disease and died outside the 
hospital of an apparent myocardial infarction. No postmortem exami- 
nation was done. The initial report on liver biopsy specimens taken at 
the time of operation indicated that the patient had postnecrotic 
cirrhosis. Later review of the slides, when the question of “bush tea 
poisoning” was raised, described a pattern of intimal thickening and 
proliferation in the smaller hepatic venules consistent with that 
described by Bras et al.” 

The patient was an immigrant from a rural area of Jamaica, but no 
specific reference was made in the medical history to the cultural 
pattern of ingesting “bush teas” so common in rural areas of that 
island. Thus, the relationship to pyrrolizidine alkaloids from Senecio 
or Crotalaria plants is presumptive, as it has been in many of the 
initial case reports. 

CASE 2.—A 49-year-old homemaker was admitted to the New 
England Deaconess Hospital, Boston, Mass, in 1982 because of the 
rapid accumulation of ascites that was refractory to a vigorous diuret- 
ic program. A liver biopsy specimen showed centrilobular necrosis, 
dilated sinusoids, and intimal thickening in hepatic venules consistent 
with hepatic VOD. Venography showed patent hepatic veins. A side- 
to-side portacaval shunt resulted in a complete dissipation of the 
ascites. Further review of the clinical history revealed that the 
patient had patronized health food stores for some years and had 
consumed a large amount of comfrey teas. Samples of these teas were 
obtained and analyzed for pyrrolizidine alkaloids, the putative caus- 
ative agents in the pathgenesis of VOD. The high levels previously 
reported in detail” were consistent with this hypothesis. 

This patient has been followed up during the past 7 years by the 
gastroenterology unit and has done well, with no recurrence of the 
ascites. She has completely discarded her habit of drinking large 
amounts of comfrey teas. One episode of mild and transient portal- 
systemic encephalopathy occurred when she, on her own initiative, 
ingested a large amount of protein estimated to be in excess of 150 g 
during a 24-hour period. By limiting protein intake to 75 g, further 
episodes have been prevented. 


HEPATIC VOD 


Hepatic VOD is a progressive form of portal hypertension 
characterized clinically by noncirrhotic ascites often pro- 
gressing to hepatic failure. Pathologically, the principal find- 
ings in hepatic VOD include central vein dilatation, centrilo- 
bular necrosis, and intimal thickening throughout the smaller 
hepatic venules (Fig 2). Veno-occlusive disease has been re- 
ported following high-dose chemotherapy” and in the setting 
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Postsinusoidal Outflow Block 


Budd-Chiari 
Syndrome 


Macronodular 
Cirrhosis 


Intrahepatic 


Suprahepatic 


Veno-occlusive retoepatc | Major Hepatic 
Disease ena Cava Veins 


Tumor (Thrombotic or 
(Primary or Congenital) 
Metastatic) 


Tumor 
(Benign or 
Malignant) 


Fig 1.—A classification of the postsuinsoidal outflow block syndrome. 
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Fig 3.—Pyrolizidine part structures. 


of bone marrow transplantation.“ The principle cause of he- 
patic VOD, however, continues to be exposure to plants 
containing hepatotoxic pyrrolizidine alkaloids. Indeed, it is to 
these toxic plants that the initial patients with “endophlebitis 
obliterans” were most likely exposed. 


PYRROLIZIDINE ALKALOIDS 


The pyrrolizidine alkaloids comprise a group of more than 
150 compounds that occur naturally in a wide botanical and 
geographic distribution.” While the pyrrolizidines are known 
to occur in at least eight plant families, four genera— Helio- 
tropium, Senecio, Crotalaria, and Symphytum—have ac- 
counted for the vast majority of toxic ingestions. The pyrroli- 
zidine alkaloids share a common pyrroline structure, two 
fused five-member rings joined by a single nitrogen atom (Fig 
3). In nature, toxic pyrrolizidines occur as free alkaloids and 
as alkaloidal N-oxides. Each of these forms shares the appar- 
ent requirement for toxicity, an unsaturated pyrrolizidine 
ring.” It is not known why the pyrrolizidine alkaloids cause 
the specific lesion seen in VOD. However, it has been postu- 
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Fig 2.—Characteristic microscopic changes in hepatic veno-occlusive 


lated that the alkaloid undergoes a dehydrogenation in the 
liver in which the pyrrolizidine is converted to a toxic pyrrole, 
the latter a potent alkylating agent.'"” Evidence that the 
pyrrolizidine alkaloids make up the toxic agent in VOD comes 
from numerous animal studies in which chronic consumption 
of the alkaloids led to the classic pathologic changes of VOD. 
Although the primary toxicity of the pyrrolizidines in most 
mammals is VOD, the alkaloids have also been associated 
with hepatoma, “” pulmonary endothelial hyperplasia,”™ and 
renal glomerular sclerosis.” 


PYRROLIZIDINE ALKALOIDS AND VOD 


The knowledge that the pyrrolizidine alkaloids are the toxic 
agent in VOD came initially from the veterinary literature. 
Indeed, whereas VOD in humans is a rare entity, the disease 
has claimed hundreds of thousands of livestock. The first 
veterinary case of VOD was reported in 1884 when an atypical 
“hepatitis” was noted in cows grazing on Senecio plants grow- 
ing on the midwestern plains.” Since that time disease caused 
by pyrrolizidine alkaloids has appeared in the veterinary 
literature under a variety of names, including Dunsiekte and 
Molteno disease in South Africa, Winton disease in central 
Asia, and Missouri River Bottom disease in the United 
States.” 

In contrast to veterinary VOD, human cases of pyrrolizi- 
dine poisoning have been rare. The earliest defined cases of 
human pyrrolizidine toxicity were in a report by Willmot and 
Robertson” in 1920 in which five patients from rural South 
Africa are described with “Senecio poisoning.” This report 
describes in detail the clinical findings of ascites and hemate- 
mesis consistent with portal hypertension as well as the mi- 
croscopic finding of an “unusual new fibrous tissue” surround- 
ing the hepatic central veins, the classic changes of VOD. 

Endemic VOD occurs in Jamaica and Barbados and was 
first described by Bras et al” in the 1950s. Bush tea, a widely 
consumed herbal preparation from that area, has repeatedly 
been shown to contain pyrrolizidine alkaloids and has account- 
ed for at least 30 deaths per year from “hepatic cirrhosis.” 
Because a liver biopsy is rarely performed in these cases, 
epidemiologic data from this area are sparse. 

By far the worst epidemic of VOD occurred in the Heret 
Province of Afghanistan between 1976 and 1978 in which 
several thousand individuals suffered the classic clinical and 
patholgic changes of VOD.” These cases followed the con- 
sumption of a wheat crop found to be contaminated by the 
pyrrolizidine-containing plant Heliotropium popovii. Beyond 
these experiences, other major outbreaks of VOD have oc- 
curred in India following herbal contamination from the Cro- 
talaria species.” Sporadic cases of VOD have also been re- 
ported from South America, north China, Hong Kong, South 
Africa, and the Soviet Union.” Of particular importance in 
these cases is the common finding that VOD followed either 
contamination of foodstuffs with pyrrolizidine-containing 
compounds or followed consumption of local herb teas or herb 
preparations. 


VOD IN THE UNITED STATES AND EUROPE 


Well-documented cases of VOD originating in the United 
States and Europe are extremely rare. This paucity of cases 
has led to the general conclusion that the pyrrolizidine alka- 
loids are not available in the developed world and therefore 
are not of local toxicologic concern. A series of reports from 
the United States,*” Great Britain,““” and Switzerland” 
challenges this view. In each of these cases, an indigenous 
herb or commercially available herbal tea has been implicated 
as the source of toxic pyrrolizidine alkaloids. The clinical 
spectrum in these reports includes transplacental exposure to 
a neonate, fulminant hepatic failure in infants and children, 
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and at least two successful portacaval bypass shunts in pyrro- 
lizidine-poisoned adults. 

It is unfortunate for physicians and exposed patients that 
pyrrolizidine poisoning so closely mimics cirrhosis and the 
generalized Budd-Chiari syndrome. As Huxtable” pointed 
out, there is no method available to measure pyrrolizidine 
metabolites in body fluids. Thus, the diagnosis of pyrrolizi- 
dine alkaloid poisoning can only be made by suspecting the 
diagnosis in cases where inexplicable ascites develops, recog- 
nizing pathognomonic changes in hepatic tissue obtained on 
biopsy, and analyzing for the presence of pyrrolizidine alka- 
loids in samples of herbs to which the patient has been ex- 
posed. Because of these difficulties, incidental cases of hepat- 
ic VOD are likely to be unrecognized, and toxic exposures will 
continue. | 


COMMENT 


In his original report Chiari” described in detail pathologic 
changes in the hepatic venules referred to by him as “endoph- 
lebitis obliterans” and similar to those much later defined by 
Willmot and Robertson.” Studies reported by Bras et al” led 
to the subsequent referrence in the literature as VOD. 
Chiari” speculated on the cause of VOD and included syphilis 
and tuberculosis as possible infectious agents. In retrospect, 
it is likely that the victims had ingested one or more of the 
pyrrolizidine-containing plant species through contamination 
of local grain supplies. 

Cases of the Budd-Chiari syndrome, including VOD, may 
resolve spontaneously with recanalization. Occlusion of major 
hepatic veins may also be corrected by means of roentgeno- 
graphically directed catheters. Untreated, however, the syn- 
drome carries a high ultimate mortality. The effectiveness of 
portal-systemic shunting of the obstructed intrahepatic ve- 
nous circulation by side-to-side, interposition, or mesocaval 
decompression has been well documented”” and is the treat- 
ment of choice unless the cause of the obstruction is itself a 
fatal disease. Peritoneal-atrial shunting will provide pallia- 
tion of the refractory ascites.” 

It is of added interest that portal-systemic shunting in the 
presence of a noncirrhotic outflow block carries a very low 
incidence of portal-systemic encephalopathy. This is consis- 
tent with the concept that this neurologic disorder is a result 
of diversion of the prograde flow of portal blood. In the case of 
a high degree of postsinusoidal block, flow in the portal vein is 
retrograde and a shunt will not affect total hepatic blood flow 
to the hepatocyte. 

The difficulty inherent in diagnosing hepatic VOD has 
made the disease a rarely identified cause of Budd-Chiari 
syndrome in the United States and Europe. The continued 
availability of herbs and herbal teas containing hepatotoxic 
pyrrolizidine alkaloids may result in an increased recognition 
of this disease entity. 

A review and consolidation of some of the literature relat- 
ing to the Budd-Chiari syndrome and hepatic VOD have been 
presented. Surgical treatment with side-to-side portal-sys- 
temic shunting in two cases has shown that this surgical 
therapy in selected cases has been made safe and effective and 
is without serious complications. 
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Sepsis, cert and Surgical Sequelae 


(A Hypothesis) 


Hamish R. Michie, FRCS, Douglas W. Wilmore, MD 


è Cytokines, eres of the bodies on cells, are the major 
signals that orchestrate the host’s response to bacterial infec- 
tion. Those signals generated following infection include inter- 
leukins 1, 2, and 6, interferon gamma, and tumor necrosis factor 
(or cachectin). Tumor necrosis factor is the only cytokine, to 
date, that has been shown to fulfill Koch’s postulates and, thus, 
be causally related to host responses. Host responses to cyto- 
kines vary because of alterations in the genetic mechanism that 
controls cytokine production, because of an alteration in the 
responsiveness of the reticuloendothelial system at the time of 
signal induction and because of alterations in cell surface recep- 
tors. Only now are techniques evolving that can detect cytokine 
concentrations or production rates to relate these molecules to 
varying aspects of human disease. A major therapeutic goal in 
the future will be directed toward blocking the deleterious effects 
of cytokines while maintaining their protective or beneficial 
effects. 

(Arch Surg. 1990;125:531-536) 


I n health, homeostasis is generally maintained by a series of 
neural and endocrine signals. The principles that govern 
the induction and mode of action of these signals are well 
established, and future research in this field lies in defining 
the molecular and genetic mechanisms that underlie these 
responses. In contrast, it has only recently become clear that 
a separate set of signals orchestrate the host’s response to 
bacterial invasion. This new knowledge contrasts with the 
previously held belief that the invading microorganisms were 
primarily responsible for host responses. Because this detec- 
tion-response system ial potent and potentially deleterious to 
the host, the signals are strongly repressed during health and 
only appear in response to inflammation or infection. Con- 
versely, and somewhat paradoxically, when the host suc- 
cumbs to the effects of acute bacterial invasion, it is the 
individual’s signals that sow the seeds of destruction. These 
observations appear on the surface to challenge Walter Can- 
non’s concept of the “wisdom” of the body.’ 

The purpose of this article is to address the following ques- 
tions: Why do such signals exist? Why has so little fine-tuning 
occurred during mammalian evolution? Should we modulate 
or block these signals when caring for critically ill patients? 


WHAT ARE CYTOKINES? 


In 1919, Walter Cannon,’ who later achieved prominence as 
a physiologist at the Harvard Medical School, Boston, Mass, 
studied circulatory collapse in wounded soldiers near the 
front lines in France during World War I. He noted the 
following: | 


| 
No doubt hemorrhage may have an important part in the develop- 
ment of this state and infection likewise is important; but these are 
recorded cases in which both hemorrhage and infection were absent 
or slight and in which, nevertheless, shock was observed. These facts 
of observation have led to the view that, beside hemorrhage and 
infection, there is an unknown factor at work. 


Twenty-five years ago, Francis D. Moore,’ also of the Har- 
vard Medical School, proposed that infected or damaged tis- 
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sue elaborate circulating factors—“woundagons” —that sig- 
nal the host to initiate the febrile, cardiovascular, and 
neurohormonal responses during critical illness. These affer- 
ent mediators were believed to interact with the central 
nervous system and other organs to elicit typical physiologi- 
cal and biochemical responses to critical illness. The charac- 
terization of these “woundagons” has occurred only in the 
present decade with the revolution in molecular biology. 
These developments have allowed (1) the measurement of 
proteins and polypeptides that are present in the circulation 
in picomolar concentrations by using enzyme-linked immuno- 
sorbent assay and ultrasensitive radioimmunoassay tech- 
niques, (2) determination of the amino acid sequences of 
complex polypeptides and of their encoding genome, (3) the 
ability to express the encoding specific DNA sequences in 
Escherichia coli organisms and generate large amounts of 
pure protein end product, and (4) the development of mono- 
clonal antibodies that can be used to locate, monitor, and 
neutralize specific proteins, such as peptide factors. 

Studies, performed in the early 1980s, provided evidence 
that the host’s reticuloendothelial system generated the sig- 
nals that induce the adverse responses following gram-nega- 
tive infection. Approximately 25 years ago, a spontaneous 
mutation occurred within a particular strain of mice, the 
C3H/HeJ strain, which rendered subsequent generations of 
these animals highly refractory to the pathophysiological ef- 
fects of gram-negative organisms or their endotoxins. This 
mutation was mapped to a single gene on the fourth chromo- 
some.‘ Michalek et al’ induced radiation chimeras by injecting 
lethally irradiated endotoxin-sensitive mice (C3H/HeN) with 
bone marrow derived from other C3H/HeJ or C3H/HeN ani- 
mals. They showed that endotoxin sensitivity was deter- 
mined by the characteristics of the strain from which the 
reconstituted bone marrow had been derived and not by the 
original genotype of the animal.’ Further studies that used 
strains of mice that were athymic or B lymphocyte depleted 
showed that neither T cells nor B cells contributed to the 
host’s response to endotoxin. In contrast, the administration 
of agents that increased macrophage activity in vivo (eg, 
glucan, bacille Calmette-Guérin, or zymosan) greatly in- 
creased the sensitivity of these animals to the adverse effects 
of endotoxin.’ These findings challenged the previously wide- 
ly held belief that the reticuloendothelial system acted only to 
clear bacteria, endotoxins, and other noxious agents from the 
circulation to minimize the host’s pathophysiological response 
to injury or infection. 

A large number of these reticuloendothelial products— 
collectively termed cytokines —have now been described, and 
this research has been well reviewed elsewhere.’ There is 
little doubt that there are more cytokine signals awaiting 
identification. However, our present problem is not to explain 
responses following infection because of “a missing factor,” 
but rather to understand the role of a large number of struc- 
turally distinct polypeptides that, both in vitro and in vivo, 
exert similar biological effects. For example, the cytokines 
interleukins 1, 2, and 6, tumor necrosis factor, and interferon 
gamma, when administered intravenously, are generally all 
capable of inducing virtually the entire spectrum of host 
responses associated with infection, in a dose-dependent fash- 
ion. Additionally, the interactions between many of these 
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cytokines appear to be strongly synergistic rather than addi- 
tive. Recombinant versions of these cytokines have been 
manufactured for potential use as antineoplastic agents. The 
dose that can be administered is limited by pathophysiological 
responses that are indistinguishable from those associated 
with gram-negative septicemia. 

In attempting to demonstrate a cause-effect relationship 
between these putative mediators and the clinical syndrome 
of gram-negative sepsis, a number of major problems have 
arisen as follows: 

1. The detection of these cytokines in the circulation during 
severe sepsis and critical illness has been inconsistent; in- 
deed, they have generally not been detected.* Possible rea- 
sons for this will be discussed later. 

2. Certain cytokines to induce the generation of other cyto- 
kines, eg, tumor necrosis factor administration to rabbits is 
associated with a secondary rise in interleukin 1 concentra- 
tions,” and interleukin 2 administration to humans induces 
secondary rises in the circulating concentrations of interferon 
gamma and tumor necrosis factor. ®™ 

3. The critical time for tracking the primary afferent signals 
associated with death from septicemia is during the prodrome 
of the illness. By the time patients present for treatment, 
lethal derangements have already been initiated, and it is 
difficult to separate the primary signals from the secondary 
phenomena. 

4. The manufacture of recombinant cytokines is extremely 
costly, and therefore, hwman products (which may contain 
low levels of endotoxin) have generally been utilized in animal 
studies. There is strong evidence for species-specific cyto- 
kine-receptor interactions; such experiments that use human 
cytokines in animals must be interpreted with caution.” 

For these reasons, there is major uncertainty whether the 
events that occur following the intravenous administration of 
cytokines have a pathophysiological correlate; these observa- 
tions could be merely pharmacological effects following drug 
administration. Since a current aim of studying the mediators 
of sepsis is to redescribe infection in terms of patterns of 
afferent signals, it is essential that these signals be shown to 
obey the postulates originally developed by Koch to define the 
etiology of infeetious illness in terms of the causative organ- 
ism. When such criteria are applied, the only cytokine that 
fulfills these postulates is tumor necrosis factor. * For exam- 
ple, this cytokine has been demonstrated in the circulation of 
patients dying of meningococcal septicemia, and the peak 
concentration of this cytokine was strongly predictive of mor- 
tality. *® Similarly, healthy subjects who received E coli 
endotoxin showed a pulse of tumor necrosis factor in the 
circulation at the onset of clinical responses to endotoxemia; 
the magnitude of the pulse predicted the magnitude of many 
of the endotoxemic responses." Death from septicemia and 
endotoxemia has convincingly been shown to be prevented by 
pretreatment with neutralizing anti-tumor necrosis factor 
antibodies. When recombinant tumor necrosis factor was 
administered to patients with cancer, the same responses 
were observed as if pathogenic bacteria or their endotoxins 
had been infused in increasing doses.” Simply increasing the 
amplitude of this “pure” signal led to the emergence of all the 
responses that we associated with septicemia (Table 1). For 
these reasons, tumor necrosis factor must be considered the 
most likely primary mediator of many of the host’s responses 
to sepsis. However, there are marked differences between 
the observations made during experimental cytokinemia and 
the observations of our critically ill septic patients as follows: 

1. When E coli endotoxin or recombinant tumor necrosis 
factor is delivered as a continuous intravenous infusion to 
animals or humans, tachyphylaxis occurs. Although hemato- 
logical abnormalities and alterations in capillary permeability 
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Table 1.—Effects of Varying the TNF Signal 
on the Host Response* 


Dose of TNF Infused, 
ug/m?/24 h 











Response Clinical Correlate 














Hypoferremia Subclinical infection 


Myalgia and headache 





Anorexia Influenza 






Acute appendicitis 





Tachycardia 


Elevated acute-phase 
protein levels 












Rigors 


Elevated stress 
hormone levels 


Fluid retention 





intra-abdominal 
abscess 
Major thermal injury 















Lymphopenia 
Hypotension 


>620 Decreased conscious 
level 









Septicemia 











Severe acute 
pancreatitis 


Profound hypotension 






Infected massive 
burns 


Pulmonary edema 





Oliguria 


*TNEF indicates tumor necrosis factor. 


persist or progress throughout the infusion period, symp- 
toms, fever, and cardiovascular and neuroendocrine respons- 
es are attenuated or disappear.” In contrast, these alter- 
ations persist in a patient with a large abscess until drainage is 
achieved. 

2. “Uninfected” patients who sustain a major thermal inju- 
ry or have a large uninfected wound show an exaggerated 
cardiovascular and metabolic response to superimposed infec- 
tion when compared with the noninjured patient. The hazards 
of a postoperative pneumonia, as opposed to pneumonia de 
nova, represent one well-known example of this phenomenon. 

These observations suggest that, in addition to the signal 
(perhaps tumor necrosis faetor), preamplification, signal 
modulation, and dampening mechanisms must exist. The ex- 
tent or summation of effect in particular disease states is 
likely to determine the clinical outcome. The purpose of the 
next section is to review our present knowledge of how the 
host’s response to a given signal may vary in various clinical 
settings. 


HOW DO RESPONSES VARY? 


Although our understanding of the modulation of the cyto- 
kine signals that orchestrate physiological changes during 
disease is still in its infancy, it is clear that the strength of a 
given cytokine signal and the magnitude of the host response 
to it are controlled by the following factors: 

1. The genetic mechanisms controlling the production of 
cytokine signals: Cytokine generation during health is 
strongly repressed; at least two mechanisms exist to prevent 
inappropriate signal generation. First, the polypeptides are 
not stored to a significant extent within cells but must be 
synthesized de novo following appropriate stimulation. Sec- 
ond, the 3’-untranslated end of the messenger RNA for tumor 
necrosis factor, interleukin 1, and several other cytokines 
contain common sequences of UUAUUUAU of varying 
lengths that may play an important part in determining how 
much of the posttranscriptional message is translated.” With 
regard to tumor necrosis factor, there is good evidence that 
the majority of control of protein synthesis occurs at the 
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pretranslational step. Soh following certain infective or 
inflammatory stimuli, cytokines appear to be superinducible 
within reticuloendothelial cells, so that an “all-or-none” re- 
sponse may occur.” If superinduction does occur, then the 
cytokine may form a major component of the entire secretory 
protein product of the cell. It may well be that for a given cell 
there is no regulation of the amount of cytokine that is re- 
leased following an adequate provocative stimulus, but that 
the strength of the overall signal depends on the number of 
cells stimulated. | 

2. The status of the reticuloendothelial system at the time of 
signal induction: It is well recognized that bacterial invasion 
in the immunocompromised host is often not associated with 
the classic clinical stigmata of infection, such as fever, consti- 
tutional symptoms, and leukocytosis. Conversely, it has been 
shown that, following reticuloendothelial stimulation, the 
host shows an exaggerated response to a usual infective 
stimulus. An already expanded reticuloendothelial system 
may serve as a preamplifier to increase the strength of the 
signal following a common infection. These observations may 
account for the pales that a sheep with a small thermal 
injury has a greatly increased metabolic response to a stan- 
dard dose of endotoxin than an uninjured animal.” The effects 
of the sterile inflammation have been to induce reticuloendo- 
thelial expansion. iar vi early burn excision has been 
associated with a marked reduction in the ensuing hyperme- 
tabolic response, possi ly resulting from a prevention of re- 
ticuloendothelial expansion in response to the inflammatory 
focus. 

3. The effects of cytokines on surface receptors for other 
cytokines: There is evidence that certain cytokines upregu- 
late the number of cell surface receptors for other cytokines. 
In vitro, interferon gamma has been shown to increase the 
number of receptors for tumor necrosis factor on target cells.” 
When patients with cancer were pretreated with interferon 
gamma before infusion of tumor necrosis factor, the patho- 
physiological derangements were much greater than when 
the same dose of tumor necrosis factor was infused alone 
(David Spriggs, MD, written communication, May 4, 1989). 
Interferon gamma is released from lymphocytes following 
immunological challenge or following viremia. Patients ex- 
posed to these stimuli may well be at an increased risk from 
the effects of bacteria and their toxins because the tumor 
necrosis factor receptors have been increased. 

Our present knowledge of how these signals are generated 
far exceeds our knowledge of what turns these signals off. 
Some of the “signals of health,” such as insulin, can be elabo- 
rated in lethal quantities, but hyperinsulinemia is counter- 
acted because the body generates the antidotes to the signal, 
namely, the OUNEN hormones: glucagon, cate- 
cholamines, and corticosteroids. No endogenously released 

“antidote” to excess circulating levels of tumor necrosis factor 
or other cytokines has yet been identified. Although glucocor- 
ticoids inhibit translation of tumor necrosis factor in vitro, 
inhibition of glucocorticoid release during experimental endo- 
toxemia in humans did not significantly alter the extent of 
tumor necrosis factor release into the circulation." Further- 
more, there is no evidence that cytokines form a negative 
feedback loop that inhibits their own generation. Indeed, 
there is evidence that circulating tumor necrosis factor may 
stimulate further elaboration of tumor necrosis factor and 
increase the number of tumor necrosis factor receptors ex- 
pressed on target cells. 

The absence of endogenously generated antagonists 
against cytokines, and the lack of negative feedback loops that 
inhibit further cytokine elaboration, may explain how the 
host succumbs to its own signals following septicemia or 
endotoxemia. This also may explain why animals (such as 
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the C3H HEJ mouse) that cannot generate cytokine signals 
survive these otherwise lethal events. 


HOW CAN WE MONITOR CYTOKINE RESPONSES? 


If cytokines are the major determinants of morbidity and 
mortality during septicemia, then it should be possible to 
measure the levels of the various cytokines within the body 
and thereby quantitate the magnitude of illness and predict 
the likely outcome. However, circulating cytokines have only 
been convincingly demonstrated in the circulation of human 
in a few rather unusual clinical and experimental situations. 
These include the following: (1) following intravenous admin- 
istration of endotoxin (tumor necrosis factor and interleukins 
1 and 6 appear”), or interleukin 2 (tumor necrosis factor and 
interferon gamma”), where these cytokines were detected 
for a short period at the onset of clinical responses to the 
stimuli; (2) in blood samples taken at admission of patients 
with meningococcal septicemia (where tumor necrosis factor 
levels were markedly elevated in the subjects who subse- 
quently died”); and (3) in a few patients in whom hyperpyrex- 
ia developed during hemodialysis where both interleukin 1 
and tumor necrosis factor were detected transiently in the 
blood stream.” There are several common factors associated 
with these situations as follows: First, the inflammatory or 
infective stimulus is within the blood stream as opposed to the 
usual situation where it occurs within body tissues. Second, 
the stimulus is of high amplitude and short duration as op- 
posed to the more usual clinical situation where abscesses of 
infected tissue “leak” endotoxins or organisms in lesser quan- 
tities into the blood stream over a longer time period. Third, 
blood samples are available either during the prodrome of the 
disease or very shortly after the onset of clinical responses. In 
general, infected patients do not seek medical attention for 
hours or days after the prodrome has ended. This may be too 
late to detect blood levels of cytokines. 

It is possible that even with the most sophisticated assay 
systems available, cytokines can only be detected in the circu- 
lation in two types of situations: first, when they are moni- 
tored during the prodrome of the illness, and second, when 
the endogenous “cyanide capsule” explodes precipitously, as 
in meningococcal septicemia. When baboons received lethal 
intravenous doses of live E coli organisms, tumor necrosis 
factor was detected in nanomolar concentrations 1 to 2 hours 
following injection of the organisms but disappeared from the 
circulation by the time the animals were dying, several hours 
later.* Such observations suggest that the cytokine signal 
generated following bacteremia or endotoxemia may vary 
with the strength of the provocative stimulus, but that the 
duration of the signal may be quite short (because of the 
superinduction phenomena mentioned earlier). 

There has been an increasing tendency to liken cytokines to 
hormones. However, the majority of hormones are elabo- 
rated in discrete organs that are anatomically distant from the 
target organ, and hormones must therefore travel in the blood 
stream to the effector site. In contrast, reticuloendothelial 
tissue is widely distributed throughout the body. There are 
phagocytes within the central nervous system in a close ana- 
tomical relationship to the hypothalamic and other neural 
tissues that are believed to be the target sites that effect 
many of the changes induced by the afferent cytokine sig- 
nals.” Thus, significant quantities of cytokine can be gener- 
ated locally without their appearance within the circulation. 
Detectable cytokinemia may only occur when intravenous 
organisms stimulate intravascular white blood cells or if the 
quantity of locally generated cytokine is so great that “spill- 
over” into the circulation occurs. For these reasons, it may 
not be surprising that cytokines have been so rarely detected 
in the circulation of critically ill septic patients. 
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Type 1 


Different patterns of cytokine release into circulation. TNF indicates 
tumor necrosis factor; type 1, infected intravenous infusion site (mini- 
mal overspill); type 2, appendix abscess (low level of persistent endo- 
toxin production); type 3, manipulation of catheterization of urinary 
bladder (transient endoxemia, brief hyperpyrexia); and type 4, menin- 
gococcal septicemia (acute, massive endotoxin entry into circulation). 


When high-dose recombinant tumor necrosis factor was 
administered to humans as a continuous intravenous infusion, 
circulating levels rose to peak at 3 to 6 hours following the 
start of the infusion. After this time, despite continued infu- 
sion of this cytokine, circulating levels declined below detect- 
able levels.” The bizarre pharmacokinetics of the cytokine in 
this study suggested a further reason why monitoring the 
tumor necrosis factor signal in the circulation may be impossi- 
ble. Yet, uncharacterized mechanisms may exist that clear 
cytokine from the circulation. One of the likeliest mechanisms 
is the increased capillary permeability induced by the cyto- 
kine itself, which makes the circulation leak large molecules, 
such as cytokines, into the extravascular compartment. 

Different infectious states are likely to be typified by differ- 
ent patterns of cytokine release into the circulation. Based on 
clinical and experimental observations to date, patterns 
shown in the Figure may be representative of those that occur 
in infected patients. The type 1 pattern occurs after events, 
such as infection of an intravenous infusion site, with local 
generation of tumor necrosis factor and other cytokines that 
produce local responses. Overspill into the circulation is mini- 
mal. The type 2 pattern occurs during events, such as an 
appendix abscess, with local generation of cytokines. As bac- 
teria or their endotoxins leak into the circulation, circulating 
mononuclear cells also elaborate cytokines and give rise to 
moderate systemic responses. As there is a low level of persis- 
tent endotoxemia, this is reflected in the cytokine response. 
Only a small number of cytokine-producing cells are stimu- 
lated at any one time, so that a low-amplitude signal of long 
duration occurs. Type 3 occurs following manipulation of 
catheterization of the axial biliary tree or urinary bladder and 
results in a shower of bacteria or their endotoxins entering 
the circulation. A small number of cytokine-producing cells 
simultaneously elaborate tumor necrosis factor to produce a 
signal of high amplitude. Because the endotoxemia is tran- 
sient, both the signal and the host responses are short lived. 
The clinical changes include a brief episode of hyperpyrexia 
with rigors and severe symptoms, but the signal is too short 
and of insufficient amplitude to give rise to life-threatening 
and irreversible host alterations. With type 4, such as during 
sudden dehiscence of a colonic anastomosis or meningococcal 
septicemia, there is an acute and massive entry of endotoxins 
into the circulation. This leads to the stimulation of virtually 
every cytokine-producing cell within the body. A very high- 
amplitude signa! occurs that is of short duration despite con- 
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tinuing exposure to endotoxin because there are no cells 
remaining that are not refractory following their simulta- 
neous superinduction. This extremely high-amplitude signal 
is misinterpreted by the host; the vascular tree increases 
capillary permeability, and fluid volume is lost. Depending on 
the stimulus strength, irreversible shock may occur. 

Detection of cytokine signals in the circulation is likely a 
usual occurrence; alternative ways of monitoring cytokines 
will have to be found. These may include the following: 

1. Measurement of a stable degradation product of cyto- 
kines in the blood stream or urine. 

2. The use of complementary DNA probes to quantitate 
the induction of the messenger RNA signals that encode 
cytokines at a nuclear level in circulating monocytes or other 
tissue.” Marano et al” have used such techniques to measure 
messenger RNA levels in hepatic tissue of healthy, burned, 
and burned-infected rats. They demonstrated a 100% in- 
crease in messenger RNA levels for tumor necrosis factor in 
the burned infected rats compared with the other two 
groups.” This study demonstrated the feasibility of quantify- 
ing the tumor necrosis factor signal in vivo at a pretransla- 
tional stage in its synthesis. However, the time taken for such 
an assay to generate a result would render this approach 
valueless in the care of an individual patient. In the future, 
more rapid genetic techniques that involve complementary 
probes may become available. 

3. Measurement of the expression of cytokines on the sur- 
faces of white blood cells. Use of the immunoperoxidase tech- 
nique to achieve this has been described and is a more rapid 
technique than the gene-probing methods mentioned above.” 

4. Measurement of the products of cytokine activity. In 
assessing inflammation and infection, various hematological 
and biochemical have been employed. Two of those most 
frequently used are the white blood cell and differential cell 
counts and plasma levels of C-reactive protein.” 


WHY DO CYTOKINES EXIST? 


Certain cytokines have quite clear beneficial roles during 
infection. For example, interleukin 2 appears to occupy a 
pivotal position in the induction of the cell-mediated immune 
response.” Certain of the colony-stimulating factors likewise 
mediate a beneficial response, such as bone marrow activa- 
tion and leukocyte maturity during infection.’ In contrast, 
cytokines, such as tumor necrosis factor, have less clearly 
beneficial roles, and overproduction may be lethal. Neverthe- 
less, tumor necrosis factor has been one of the most strongly 
conserved molecules during mammalian evolution. Thus, 
there is a need to explain why the genes that encode these 
cytokines, which seem to constitute the biological cyanide 
capsule, have not been modified or deleted during evolution 
from the primate genome. The most obvious reason is that 
tumor necrosis factor exerts effects that give the individual a 
survival advantage during infection. Some of the known ef- 
fects of tumor necrosis factor include the following: 

1. The induction of fever—certain pathogens are killed 
when the core temperature becomes elevated, and resetting 
of the hypothalamic thermostat, induced by cytokine signals, 
may represent a primitive defense mechanism against 
infection. 

2. The induction of constitutional symptoms—when tumor 
necrosis factor is administered to humans, subjective feelings 
of malaise, myalgias, nausea, and anorexia are induced, ie, 
responses identical to those following endotoxemia. Cytokine 
signals may be the answer to the question, “How do we know 
when we are ill?” Adaptive, defensive behavior in animals, so 
that they take rest, refuge, and avoid the dangerous tempta- 
tion to hunt for food when they are at a survival disadvantage, 
may also represent a beneficial effect of these cytokines. 
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3. Both in animals and humans, tumor necrosis factor has 
been shown to R pa elaboration of corticotropin, 
cortisol, and catecholamines and to stimulate hepatic gluco- 
neogenesis.” These metabolic alterations acutely increase the 
energy-substrate availability to the host to meet the in- 
creased needs associated with sepsis. 

4. The induction of hypoferremia may represent another 
primitive host-defense mechanism against infection since 
many pathogenic organisms cannot replicate in an iron-de- 
pleted environment. 

5. Ina localized focus of infection, locally generated tumor 
necrosis factor may be important in the induction of increased 
permeability of nearby capillaries that allow the septic focus 
to be invaded by leukocytes, an essential factor in the neutral- 
ization of bacteria and the removal of necrotic tissue. Similar- 
ly, tumor necrosis factor has been shown, experimentally, to 
stimulate fibroblasts and, therefore, play some role in the 
later stages of wound healing.” 

6. Tumor necrosis factor may have antiviral properties, 
eg, it selectively kills cells infected with the herpes simplex 
virus in vitro.” Elevated circulating tumor necrosis factor 
levels have recently been reported to occur in patients with 
acquired immunodeficiency syndrome.” It has been speculat- 
ed that, in addition to mediating some of the adverse respons- 
es observed in these patients, tumor necrosis factor may play 
a beneficial role in limiting the spread of the pathogen.” 

For these reasons, the generation of the tumor necrosis 
factor signal at low amplitude or over a short range (ie, 
locally) may benefit the infected host. What remains to be 
answered is why mechanisms have not evolved to prevent the 
generation of this signal at a high amplitude over a long range 
(ie, over the whole body). 


SHOULD WE BLOCK THE CYTOKINE SIGNALS? 


Evolution has not had a chance to take into account the 
dramatic advances in the care of the critically ill septic patient 
that have occurred in the last 40 years. Thus, the possible 
advantages of tumor necrosis factor generation during infec- 
tion appear to be largely irrelevant in the context of the 
modern intensive care setting. It seems very likely that block- 
ing the cytokine signals or the effects of these signals would 
improve survival of infected humans. 

Tracey and coworkers” showed that pretreatment with a 
monoclonal antibody against tumor necrosis factor would pre- 
vent mortality and markedly attenuate pathophysiological 
responses if administered 2 hours before lethal bacteremia in 
a baboon model. The sponta was not successful if the 
antibodies were given 1 hour before or coinciding with the 
administration of bacterial infusion.” It is not known why 
such a long pretreatment interval was necessary for protec- 
tion by this antibody to be afforded. One possible explanation 
is that a period of 2 hours is required for high concentrations of 
the antibody to be achieved locally within the central nervous 
system to counteract locally generated tumor necrosis factor. 
However, taken together, the data suggest that the use of 
anti-tumor necrosis factor antibodies in septic shock would 
have the same limitations as with glucocorticoid therapy, 
namely, that by the time the critical illness was clinically 
obvious, it would be too late to block cytokine-induced effects 
with this therapy. It might be argued, however, that shock 
related to gram-negative septicemia represents an extreme 
end of the spectrum of the host responses to bacterial invasion 
and that patients with lesser and more prolonged types of 
infection might benefit from such therapy. Nevertheless, it is 
in septic shock that the most vivid example of a disruption of 
the host’s homeostatic mechanisms is observed. It is also the 
clinical situation that demands more effective methods of 
treatment than are currently available. 
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Table 2.— Theoretical Methods of Blocking the TNF Signal* 


Stimulus Blocked by 


Prevent Stimulation of TNF-Producing Cells 
(ie, Block Input to Transmitter) 
Wound, burn, or tissue necrosis Early excision 
Exogenous endotoxin Endotoxin inhibitors (eg, 
antibodies, taurolidine) 
Early enteral feeding (perhaps 
supplemented with 
glutamine and other agents 
trophic to bowel mucosa) 
Endotoxin binders (eg, 
lactulose or bile salts) 


Endogenous endotoxin 


Prevent TNF Gene Transcription or Translation 
(ie, Turn Off the Transmitter) 
Prevented by high-dose glucocorticoids if given within 30 minutes of 
stimulation by endotoxin 


Location of TNF Signal Blocked by 


Prevent TNF From Stimulating Effector Cells 
(ie, Block Receiver) 
Anti-TNF antibodies 
Downregulation of receptors 
(eg, with anti—interferon 
gamma antibodies) 
Blockade of receptors (eg, 
with anti-TNF receptor 
antibodies) 


Stage in Transduction Blocked by 


Prevent Signal Transduction 
(ie, Disconnect Amplifier or Loudspeakers) 
Generation of secondary signal Selective inhibition by 
Target cell activation inhibitors of 
cyclooxygenase 
Somatostatin may inhibit 
neuroendocrine activation 


In the circulation 
Near effector cell surface 





*TNE indicates tumor necrosis factor. 


It may well be that the lethal combination of cytokines that 
occurs in critically ill humans are the synergistic signals of 
tumor necrosis factor and interferon gamma. This hypothesis 
is supported by the results of studies that demonstrate that 
the generalized toxicity and lethality of endotoxin in mice can 
be prevented by the administration of a monoclonal antibody 
against interferon gamma.” The synergistic relationship be- 
tween tumor necrosis factor and interferon gamma during 
infection and its relationship to future strategies against in- 
fection has recently been summarized by Billau®: 


The known synergistic relationship between gamma interferon and 
cachectin (tumor necrosis factor) is such that one might compare 
LPS[lipopolysaccharide]-induced pathology to an engine running on 
cachectin as a fuel and operated by gamma interferon serving as the 
mechanic activating both the fuel injection command (production of 
cachectin) and the gear shift (action of cachectin). For the therpay of 
LPS-associated pathology, we can indeed empty the fuel tank, but we 
might also simply talk to the mechanic. 


One of the most important observations made in the studies of 
experimental endotoxemia in humans was that the attenua- 
tion of many of the components of the stress response could be 
accomplished with the oral administration of an inhibitor of 
the enzyme cyclooxygenase.” We utilized this finding to re- 
duce many of the unpleasant side effects of interleukin 2 
therapy for cancer.” However, the effects of endotoxin or 
interleukin 2 in these short-term studies were of a short 
duration, and only two doses of ibuprofen were necessary for 
the beneficial effects of this therapy to be observed. More- 
over, the long-term use of cyclooxygenase inhibitors is associ- 
ated with marked adverse side effects that include renal 
dysfunction and an increased incidence of gastrointestinal 
bleeding.“ Studies have been performed to evaluate the ef- 
fects of intravenous ibuprofen in dogs infused with live E coli 
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organisms. There was a higher mortality in the group that 
received ibuprofen, and no attenuation of the catabolic re- 
sponses following infection were observed.“ However, this 
drug has been given to patients,” neonates,” and patients 
with cancer” postoperatively with minimal side effects and 
satisfactory clinical benefit. A particularly attractive feature 
of the use of cyclooxygenase inhibitors to block signal trans- 
duction for the unwanted host effects is in the selectivity of 
their effects. In particular, from the studies mentioned 
above, there was no evidence that cyclooxygenase inhibitors 
altered the leukocytosis following endotoxemia, and cyto- 
kine-induced responses, such as this, may be critical for the 
immunological defenses of the host. In other studies, defec- 
tive production of interleukin 2 has been related to the in- 
creased incidence of sepsis in burned humans,“ and adminis- 
tration of interleukin 2 to burned mice has been associated 
with increased survival following septic challenge.” There- 


fore, the combined immunostimulant and anticatabolic prop- 
erties of cyclooxygenase inhib-tors suggest that their use in 
the critically ill septic patient may be of great value. 

Other methods of reducing or blocking the cytokine signals 
are shown in Table 2. The 1980s may have been the decade 
where polypharmacy has beem utilized in the treatment of 
disseminated malignancy, so inthe 1990s and beyond, similar 
changes will occur in the field of critical care. Instead of 
merely supporting the vital organs and the circulation, it may 
be possible to intervene in the ‘undamental mechanisms that 
give rise to death following bacserial invasion. 
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Original Article 


Excellent Shoulder Function Is Attainable 
After Partial or Total Scapulectomy 


Analysis at Prolonged Follow-up 
Barbara Ward, MD; Charles McGarvey, RPT; Michael T. Lotze, MD 


e We reviewed six cases of primary sarcomas requiring sca- 
pulectomy within the past 13 years in the Surgery Branch of the 
National Cancer Institute, Bethesda, Md. Five of these patients 
returned for evaluation of disease status, evaluation of function- 
al defects as determined by muscle group testing, and assess- 
ment of daily living skills and limitations. We demonstrated ex- 
cellent shoulder function with partial scapulectomy and 
significant impairment with the additional loss of the glenoid 
fossa. In addition, we developed a thorough method of postoper- 
ative evaluation. Involvement of rehabilitation therapists before 
and after operatively is integral to this process in preparation for 
surgery and subsequent treatment. 

(Arch Surg. 1990;125:537-542) 


capular resection for tumor represents an unusual and 

challenging problem for both the conduct of the operation 
and the subsequent rehabilitation of the patient. The evolu- 
tion of multimodality treatment, including adjuvant chemo- 
therapy and radiation therapy, has promoted limb-sparing 
procedures as an alternative to more ablative procedures, 
such as interscapulothoracic (forequarter) amputation. 

The scapula is one of the body’s few flat bones, undergoing 
primary malignant changes very rarely. Soft-tissue sarcomas 
adjacent to the scapula may necessitate partial or total scapul- 
ectomy. As described by Malawar et al,’ a partial scapulec- 
tomy removes any extent of bone while preserving the gleno- 
humeral joint, which is additionally sacrificed in a total 
scapulectomy. Some authors’ use the term near-total scapul- 
ectomy when either the coracoid process or acromion and the 
glenoid fossa are preserved. The scapula functions as a ful- 
crum to which 17 different muscles attach, thereby support- 
ing the arm’s rotation about the glenohumeral joint. Removal 
of the scapula affects shoulder function to a variable degree. 
This study evaluated the long-term functional follow-up of 
patients after scapulectomy. 
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PATIENTS AND METHODS 


Patients were identified through the tumor registry of the National 
Cancer Institute, Bethesda, Md, for the past 15 years, query of 
individual Surgery Branch surgeons, and subsequent evaluation by 
chart review. Five of the six patients who had undergone scapulec- 
tomy for tumors of the bone or soft tissue were alive and returned for 
follow-up. The remaining patient had died of complications after 
gastrectomy for a second primary cancer. Disease status was deter- 
mined in accordance with protocol.’ Physical examination, chest 
roentgenography, chest computed tomography, bone scanning, and 
laboratory profile were included in this routine follow-up. Operative 
and pathology reports were used to determine the extent of scapular 
resection, and perioperative records were reviewed in assessing 
complications and outcome. 

With the participation of the Physical Therapy Department, a 
thorough postoperative evaluation of shoulder function was per- 
formed. Active and passive range of motion measurements were 
carried out by the same physical therapist for the following move- 
ments: scapular abduction and upward rotation, scapular elevation, 
scapular adduction, scapular adduction and downward rotation (Fig 
1), scapular depression and adduction, scapular abduction, and shoul- 
der abduction beyond 90° (Fig 2). Range of motion was measured by 
hand-held sonometer and quantified by degrees. Muscle strength was 
recorded on a scale of 0 to 5 according to the grading system described 
by Daniels and Worthingham.* An assessment of the activities of 
daily living was also administered by the physical therapist. 


RESULTS 
Treatment in Individual Patients 


There were three men and three women in our series, with 
an average age of 46 years at the time of surgery. The median 
follow-up time was 7 years (patient 1, 13 years; patient 2, 24 
years; patient 3, 2 years; patient 4, 4 years; and patient 6, 8 
years) (Fig 3). Local resection of benign tumors in our series 
without adjuvant therapy yielded long-term cures in two 
patients. Among the four patients with malignant tumors, the 
only recurrence occurred in a patient with a high-grade lipo- 
sarcoma, randomized to receive local radiation consisting of 
63 Gy without chemotherapy. Her recurrence appeared out- 
side of the radiation port within the medial trapezius muscle. 
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Shoulder Lateral Rotation 
Scapular Retraction and Adduction 


Infraspinatus Muscle 
Suprascapular Nerve (C5, 6) 
Teres Minor Muscle 
Axillary Nerve (C5) 





Shoulder Abduction Beyond 90° 


Shoulder Medial Rotation 
Scapular Protraction and Abduction 


SS 
Z 


ù 


Subscapularis Muscle 
Upper and Lower 
Subscapular Nerve (C5, 6) 
Teres Major Muscle 
Lowest Subscapular 
Nerve (C5, 6) 


Deltoid Muscle (Middle) 

Axillary Nerve (C5, 6) 
Supraspinatus Muscle 

Suprascapular Nerve (C5, 6) 


Fig 1.—Movements of the scapula associated with arm function. The crosshatched scapular image depicts the resultant 
motion produced in each position. 


Fig 2.— Additional movements of the scapula associated with arm function. 


ra Shoulder Flexion Beyond 90° 


Scapular Abduction and 
Upward Rotation 


Deltoid Muscle 
Axillary Nerve (C5, 6, 7) 


Serratus Anterior Muscle 


Scapular Elevation 


Trapezius Muscle (Superior) 
Spinal Accessory Nerve (C3, 4) 
Levator Scapula Muscle 
Dorsal Scapular Nerve (C5) 


Long Thoracic Nerve 


(C5, 6, 7) 


Coracobrachialis Muscle 
Musculocutaneous Nerve 


(C5, 6, 7) 


Scapular Adduction 


Trapezius Muscle (Middle) 
Spinal Accessory Nerve (C3, 4) 
Rhomboid Minor Muscle 
Rhomboid Major Muscle 

Dorsal Scapular Nerve (C5) 
Trapezius Muscle (Lower) 
Spinal Accessory Nerve (C3, 4) 
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Scapular Adduction and 
Downward Rotation 


Rhomboid Major Muscle 


// Dorsal Scapular Nerve (C5) 


Rhomboid Minor Muscle 
Dorsal Scapular Nerve (C5) 
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1/19/M 
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Osteochondroma 
| 


| 


2/53/F 
Malignant Fibrous 
Histiocytoma — 


3/54/F 


Liposarcoma — 





4/52/M 
Malignant Fibrous 
Histiocytoma 


5/57/M 


Desmoid Tumor 


6/54/F 


Fibrosarcoma 


Fig 3.—Extent of scapular resection in the patients treated. Patient 


number/age in years/sex are given. 








Fibrosarcoma 


| 









Table aent Characteristics and Treatment-Related Morbidity in Patients Undergoing Scapulectomy* 





Patient/ Postop- 
Age, y/ Adjuvant Days in Wound erative EBL, 
Sex Tumor Margins Therapy Hospital Infection Seroma Pain mL 
1/19/M Osteochondroma - None 12 — - Minimal 600 
2/53/F Malignant fibrous = 63 Gy 10 ~ + Minimal 100 
histiocytoma 
3/54/F Liposarcoma ~ 63 Gy 20 - + Minimal 230 
4/52/M Malignant fibrous = 63 Gy 33 + = Moderate 1300 
histiocytoma 
5/57/M Desmoid tumor + None 54 + — Moderate 4500 






60 Gy, 


doxorubicin, 
methotrexate 


cyclophosphamide, 


The morbidity of treatment increased predictably with the 
extent of surgery (Table 1). Significant blood loss occurred 
during the larger procedures, and, despite the use of perio- 
perative antibiotics, occasional wound infections resulted as 
well. Seromas developed in three cases even though drains 
were employed, presumably because of motion around the 
thorax. Seromas were evacuated by percutaneous needle 
aspiration until fully resolved. We did not delay radiation 
therapy in the face of seromas, and they progressively dimin- 
ished during radiation treatments. Physical therapy com- 
menced 7 to 14 days postoperatively and continued on an 
outpatient basis after discharge. 


Functional Evaluation After Therapy 


Functional evaluation included movements around the 
shoulder girdle depicted in Figs 1, 2, and 4 through 7. Passive 
and active ranges of motion were quantified by degrees (Table 
2). Patients 1 through 3 recovered near-total shoulder func- 
tion, with only mild compromise of their range of motion. 
Patient 2 demonstrated excellent abduction with a minimal 
cosmetic defect (Fig 5). Transection of the spinal accessory 
nerve resulted in significant atrophy of the trapezius muscle 
for patient 3 (Fig 6). Her minimal deficits included decreased 
scapular adduction and elevation. Patients 1 through 3 were 
able to perform all of the activities of daily living assessed. 













Moderate 2500 








*All patients received eae Tyr from 2 to 7 days postoperatively. All but patient 1 had closed section drains inserted. Patient 5 died of other causes and 


was unavailable for follow-up. E 


Fig 4.—The left scapular muscle attach- 
ments, demonstrating the bone’s significance 
as a fulcrum from which multiple muscles 
arise. Additional tendinous insertions ac- 
count for 17 muscle and tendon attachments. 
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L indicates estimated blood loss. 
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Fig 5.—Patient 2, demonstrating minimal functional or cosmetic im- 
pairment after partial scapulectomy. 


Aggressive rehabilitation must be emphasized, as the tenden- 
cy toward immobilization permits troublesome fibrosis about 
the glenohumeral joint. 

The more radical procedures predictably resulted in more 
extensive deficits. Generally, passive range of motion was 
less interrupted, while active movement varied with the re- 
section. Patient 6 exemplified the marked disability caused by 
joint loss, achieving only 0% to 23% of her active range of 
motion of various movements. Figure 7 demonstrates active 
and passive abduction with limited active movement despite 
good passive range of motion. In this patient, function below 
the elbow was preserved, and her appearance with a shoulder 
pad was nearly normal (Fig 7). Her limitations in daily life 





Fig 6.—Patient 3, showing atrophy of the trapezius muscle after transection of the spinal accessory nerve. Deficits include 


decreased scapular adduction and elevation. 


Fig 7.—Patient 6, showing active and passive ranges of motion. Function below the elbow was preserved, and her 


appearance with a shoulder pad is nearly normal. 


540 Arch Surg—Vol 125, April 1990 





Shoulder Function After Scapulectomy— Ward et al 


involved motions above her head, eg, placing an object on a 
shelf and washing her hair. Patient 5 had six ribs resected 
from the area adjacent | o the scapula. Extensive scarring in 
the scapular region was responsible for his poor functional 
result. With normal hand function, however, this patient 
returned to his full-time work in advertising. 

Thus, preservation of the glenohumeral joint most directly 
influenced long-term outcome. With this fulcrum, shoulder 
motion can return with rehabilitation. After total scapulec- 
tomy, significant shoulder mobility is lost, but the advantage 
of elbow and hand function remains. 


‘COMMENT 


In 1819 a partial secapulectomy was successfully performed 
by Liston of Edinburgh, Scotland. The infraspinous portion 
was removed for an “osteo-aneurysm. ” The patient survived, 
only to have a recurrence and die 5 months later of repeated 
hemorrhage. Mussey, an American surgeon, performed the 
first total scapulectomy for a recurrent chondroma. The pa- 
tient was free of recurrence 30 years later. Sentin (1849), 
Bruns (1853), and von Langenbeck (1855) are all credited with 
this procedure." Von Langenbeck’s case involved a 12-year- 
old boy whose whole scapula was involved in a malignant 
tumor, presumably an osteogenic sarcoma. Unfortunately, 
recurrence followed in 7 weeks, with death occurring 109 days 
postoperatively. James Syme of Edinburgh published a 
monograph entitled Excision of the Scapula in 1864, describ- 
ing three cases. One recorded a total scapulectomy with 
removal of the lateral clavicle for recurrent tumor. The pa- 
tient survived and worked as a postman. Figure 8 shows the 
cosmetic appearance of functional qualities of the residual 
limb. 

Paul Berger’s classic article describing the interscapulo- 
thoracic amputation appeared i in 1887. It detailed the history, 
indications, and technique of this more radical procedure. 
Subsequent advances in anesthesia and aseptic technique 
during this period stimulated surgeons to undertake more 
major ablative procedures for malignant disease. In his presi- 
dential address to the American Surgical Association Meeting 
in 1909, DeNancrede concluded that the high recurrence 
rates after scapulectomy made the radical forequarter ampu- 


tation a preferable procedure. Scapulectomy was thus aban- 
doned for a time, with only scattered subsequent reports. 
Later, Pack et al’ at Memorial Hospital, New York, NY, 
again promoted scapulectomy. This occurred before the mod- 
ern era of adjuvant therapy, specifically radiation and chemo- 
therapy. Additional proponents of scapulectomy, Papaioan- 





Fig 8.—A drawing from James Syme'’s monograph in 1864,’ depicting 
the appearance and function of the upper limb after total 
scapulectomy. 


| Table 2.—Functional Assessment of Shoulder Motion After Scapulectomy* 


Motion Abduction 
0°-180° 0°-180° 
AROM > 0°-180° 0°-180° 
Strength 5/5 5/5 
0°-180° 0°-180° 
0°-180° 


Flexion 


0°-180° 
0°-180° 


0°-180° 
0°-180° 


Medial 
Rotation 


0°-70° 
0°-70° 





Lateral 


Rotation Comments 


Normal, no functional deficit 


Minimal functional! deficit 


Minimal functional deficit 


Moderate to severe functional deficit 


Severe functional deficit 


*PROM indicates passive range of motion; AROM, active range of motion. Strength was graded as follows: 0, no contraction; 1, trace contraction; 2, poor; 3, 
fair; 4, good; and 5, excellent. Strength of elevation, adduction, and downward rotation was good or excellent in patients 1 through 3 and without contraction in 


patients 4 and 6. | 
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nou and Francis,’ strongly promoted scapulectomy as a 
superior management option that preserves a functional ex- 
tremity. Francis and Worchester” stated, “a hand, limited 
although it may be in its over-all function by loss of a shoulder, 
humeral, or elbow motion through radical resection, still is 
vastly superior to the best prosthesis yet devised.” With 
favorable lesions, scapulectomy is indicated for soft-tissue 
tumors infiltrating the scapular muscles, primary tumors of 
this bone, deeply invasive skin carcinoma requiring wide 
excision including the scapula, and a rare isolated metastatic 
lesion.” 

Fibrosarcoma is the most common soft-tissue tumor re- 
ported to involve the scapula." Liposarcoma, rhabdomyosar- 
coma, embryonal rhabdomyosarcoma, spindle cell sarcoma, 
synovial cell sarcoma, malignant fibrous histiocytoma, and 
malignant mesenchymomas have also been reported in this 
area.” Osteogenic sarcoma, Ewing’s sarcoma, chondro- 
sarcoma, and osteochondromas are the most frequently en- 
countered tumors of the scapula itself.” Giant cell tumors, 
reticulum cell sarcoma, angiosarcoma, chondromyxoma, and 
aneurysmal bone cysts are also observed. Combination che- 
motherapy remains the treatment of choice for Ewing's sarco- 
ma and rhabdomyosarcoma, but scapulectomy provides the 
primary curative option in these other malignant neoplasms. 
Metastatic tumors that most commonly demonstrate scapular 
involvement are breast, lung, renal, and colon carcinomas.” 

Motion at the shoulder joint is normally dependent on two 
major factors. First is the unrestricted motion of four joints: 
the glenohumeral, scapulothoracic, acromioclavicular, and 
sternoclavicular. Additionally, several muscles act coopera- 
tively to produce smooth, guided movement. Muscles sur- 
rounding the scapula include the deltoid, trapezius, supra- 
spinatus, levator scapulae, rhomboid major and minor, 
infraspinatus, subscapularis, coracobrachialis, teres major 
and minor, serratus anterior, and latissimus dorsi (Fig 4). 


Also affecting shoulder motion are the biceps and triceps, 
with their tendinous attachments. Shoulder motion can be 
described by scapular abduction and upward rotation, eleva- 
tion, adduction, adduction with downward rotation, shoulder 
lateral and medial rotation, and abduction beyond 90°. Motion 
is exerted by the action of “muscle force couples” that act on 
the shoulder. An upper and a lower muscle group act in 
opposite directions to produce scapular rotation. Flexion and 
abduction of the glenohumera! joint, for example, are affected 
by the action of a force couple consisting of the deltoid muscle, 
which pulls upward, and the subscapularis, infraspinatus, and 
teres minor muscles, which pull downward, thereby stabiliz- 
ing the humeral head against the glenoid fossa. These obser- 
vations are essential in the consideration of the reconstruc- 
tive phase of surgery, which aims to reestablish the force 
couple. 

When scapulectomy is performed for malignant lesions, 
bone resection with a wide margin of surrounding muscle is 
required. The surgical technique of scapulectomy is well de- 
scribed in several sources.” Although the desire for a good 
functional result should in no way limit the surgical resection, 
preservation of the glenohumeral joint, if possible, is the most 
significant predictor of functional outcome. Intraoperative 
frozen sections define inadequate margins and thus may pre- 
vent recurrences. Reconstruction, specifically suturing the 
rotator cuff tendon to the lateral end of the clavicle and 
suturing the severed ends of the trapezius and the deltoid 
muscles to one another, enable reestablishment of muscle 
force couples and thus mobility and strength. Improved sur- 
vival*** through the use of lecal excision and multimodality 
therapy can be predicted and anticipated. 


We appreciate the excellent illustrating performed by Trudy Nicholson, 
photography by John Crawford and Mary King, and preparation of the manu- 
script by ADP Consultants, Germantown, Md. 
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Clinical Notes — 


Adenomyoma of the Common Bile Duct 


Nicholas Ch. Legakis, MD; Apostolos P. Stamatiadis, MD; Constantina Papadimitriou-Karapanou, MD; Nicholas S. Apostolidis, MD 


e Adenomyomas are rare pseudotumors of the extrahepatic 
biliary tract. Their microscopic appearance does not differ signif- 
icantly from similar malformations of the peritoneal cavity. We 
describe a patient who presented with obstructive jaundice and 
who was treated successfully with a surgical resection and a 
hepaticojejunal anastomosis. 

(Arch Surg. 1990;1 inal is 


e report a case of an adenomyoma in the common bile 

duct that presented with obstructive jaundice. In the 
past, two adenomyomas of the left hepatic duct,’ ie, one of the 
common hepatic duct? and another one of the common bile 
duct,” have been described. We found in the literature two 
more similar cases: one of the ectopic gastric mucosa’ and 
another one that was not histologically confirmed.’ 


REPORT OF A CASE 


A 55-year-old woman presented with colicky pain in the right upper 
quadrant, jaundice, and dark urine. Her temperature was normal. 
She reported of symptoms in the right upper quadrant for 9 months. 
Two months before her hospitalization, ultrasonography diagnosed 
cholelithiasis that was later confirmed with a cholecystogram. Lab- 
oratory studies revealed elevated values of total serum bilirubin (97 
pmol/L), conjugated serum bilirubin (76 pmol/L), and serum alkaline 
phosphatase (1700 U/L; normal range, 80 to 290 U/L). 

At laparotomy, the cholelithiasis was confirmed, and a cholecystec- 
tomy was performed. During the exploration of the moderately di- 
lated common bile duct, a ringlike stenosis was detected distal to the 
junction of the cystic duct. The multiple frozen biopsy specimens of 
the regional lymph nodes did not show any malignant neoplasms. The 
stenotic part of the common bile duct and the adjacent cystic duct 
were excised, and the distal stump of the common bile duct was 
closed. The continuity of the biliary tract was restored with an end-to- 
side hepaticojejunal anastomosis. A T tube was inserted in the com- 
mon hepatic duct, and its vertical limb was brought through the 
anastomosis. An anastomosis between the efferent and afferent loop 
was additionally performed. 

The histologic study of the resected specimens showed a moderate 
chronic inflammation of the gallbladder, an adenomyoma in the 
1.5-cm-long segment of the common bile duct, and a chronic reactive 
inflammation in the five lymph nodes that were removed from the 
hepatoduodenal ligament (Figure). 

The serum bilirubin and alkaline phosphatase values returned to 
normal in the early postoperative period. A right-sided pleural effu- 
sion responded promptly to the conservative treatment. The patient 
was discharged in excellent condition on the 24th postoperative day. 

Two years after the Sperto, the patient has been well and free of 
any symptoms in the right upper quadrant, fever, or jaundice. 


nang 


Adenomyomas are rare pseudotumors of the extrahepatic 
biliary tract. They are characterized by tubular structures 
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Aggregates of small ducts surrounded by smooth muscle within the 
wall of the common bile duct (hematoxylin-eosin, x 125). 


that are lined by cuboid or columnar cells. Abundant interlac- 
ing smooth-muscle bundles are found in the connective tissue 
stroma. This microscopic appearance is similar to lesions of 
the gallbladder known as adenomyomatous hyperplasia and 
also to the adenoleiomyomatous hyperplasia of the intestines. 
To our knowledge, the exact relationship between adenomyo- 
mas of the extrahepatic biliary tree and heterotopic gastric 
mucosa has not been elucidated yet.* Adenomyomas of the 
digestive tract are often confused with ectopic pancreatic 
tissue, myoepithelial hamartomas, or diverticula.* The neo- 
plastic nature of these lesions cannot be excluded with 
certainity. 

Adenomyomas, as any other benign tumor of the biliary 
tree, can cause a biliary tract obstruction if strategically 
located. In other cases, patients may have nonspecific symp- 
toms or be completely asymptomatic. 


References 


1. Dowdy GS, Olin WG, Shelton EL, et al. Benign tumors of the extrahepatic 
bile ducts. Arch Swrg. 1962;85:503-513. 

2. Burhans R, Myers RT. Benign neoplasms of the extrahepatic biliary 
ducts. Am Surg. 1971;37:161-166. 

3. Cook DJ, Salena BJ, Vincie LM. Adenomyoma of the common bile duct. 
Am J Gastroenterol. 1988;83:432-434. 

4, Welling RE, Krause RJ, Alamin K. Heterotopic gastric mucosa in the 
common bile duct. Arch Surg. 1970;101:626-627. 

5. Dickson GH. A corrugated extrahepatic biliary duct. Br J Surg. 
1973;60:161-162. 


Adenomyoma—Legakis etal 543 


IMMUNO! 


First, there was nourishment, Then there - 
was repletion, now theres immunonutrition 


Sandoz Nutrition Corporation, a pioneer in clinical 
nutritional products that provide nourishment for 
hospitalized patients, has developed a new enteral feeding 
formula. 

IMPACT® is the first product to bring together the science 
of immunology with the technology of nutrition. It is selec- 
tively enriched beyond standard enteral products. The 
formulation combines vitamins and minerals with protein 
and carbohydrate to provide optimal nourishment. In 
addition, IMPACT provides arginine, RNA, and balanced 
lipids, which have the potential to enhance the recovery of 
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patients who are rmmunocompromised, such as trauma, 
burn, surgical, sepsis, or cancer patients. 

Studies have. documented that dietary components such 
as RNA, arginine, and certain lipids have an enhancing 
effect on the immune function of both animals and humans. 
Ongoing clinical trials are confirming this earlier dietary 
component research and showing that IMPACT has a posi- 

- tive effect on a number of immune parameters. Studies, 
which include a large multicenter study, are in progress 

to confirm the benefits of IMPACT: Published reports are 
available. If you wish to be one of the first to hear more about 
IMMUNONUTRITION and IMPACT, call LSO00-369-3000 
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Vertebral Artery Pseudoaneurysm 


A Rare Complication of Subclavian Artery Catheterization 


Joseph F. Amaral, MD; Victor E. Grigoriev, MD; Gary S. Dorfman, MD; Wilfred I. Carney, Jr, MD 


è The present case report details a previously unreported 
complication of subclavian vein catheterization, vertebral artery 
pseudoaneurysm. Attention to this problem was brought about 
in the patient by the development of stridor and dysphagia noted 
5 days following placement of the subclavian catheter. A com- 
puted tomographic scan of the neck revealed a superior medias- 
tinal, contrast-enhancing mass in the region of the right subclavi- 
an artery with a “bull’s-eye” sign suggestive of a pseudo- 
aneurysm. Arteriography subsequently proved the pseudoan- 
eurysm to be of vertebral origin. The pseudoaneurysm was ligat- 
ed via a neck incision together with a median sternotomy to 
obtain vascular control. The evaluation and treatment options of 
this problem are discussed. 

(Arch Surg. 1990;125:546-547) 


| Rabie cone subclavian vein catheterization has been 
performed since the 1970s for parenteral nutrition, ve- 
nous access, and central monitoring of venous and pulmonary 
artery pressures. Numerous complications of subclavian vein 
catheterization have been described, including pneumotho- 
rax, hydrothorax, hemothorax, chylothorax, subclavian ar- 
tery puncture, subclavian artery pseudoaneurysm, hemato- 
ma, catheter misdirection, Horner’s syndrome, internal 


mammary vein catheterization, catheter embolism, air embo- - 


lism, catheter kinking, venous thrombosis, and sepsis.'* To 
this long list can be added vertebral artery pseudoaneurysm, 
as documented in the following case. 


REPORT OF A CASE 


The patient, a 72-year-old white woman, presented to an outlying 
hospital with an infected left total knee prosthesis. Six months before 
admission, she had undergone a total left knee replacement that was 
complicated by skin slough. After a prolonged course of treatment 
with irrigation, débridement, and antibiotics, the patient was dis- 
charged to her home. , 

On the day of admission, the patient complained of pain, swelling, 
and erythema of her left knee together with fever. Aspiration of the 
knee revealed gram-positive cocci, and subsequent culture yielded 
enterococcus. The patient was given vancomycin hydrochloride and 
taken to the operating room for débridement and irrigation on the day 
of admission. On the sixth postadmission day, placement of a left 
subclavian line for administration of antibiotics was unsuccessful. 
The following day a right subclavian vein catheterization was success- 
fully performed. During this procedure, arterial blood was first ob- 
tained. On the second puncture, venous blood returned and the 
catheter was successfully threaded. Postoperative chest radiograph 
revealed proper line position and a 30% pneumothorax, for which a 
closed thoracostomy was performed. On the 10th hospital day, the 
chest tube was removed. Coincidently, her hemoglobin value was 
noted to have dropped from 110 g/L on admission to 92 g/L. 

On the 15th hospital day the patient complained of dysphagia and 
stridor. Physical examination showed mild tracheal deviation and 
stridor with deep inspiration. Chest radiograph revealed a right 
superior mediastinal mass with tracheal deviation to the left, and 
barium swallow demonstrated extrinsic compression and deviation of 
the esophagus without evidence of perforation. On the following day, 
a computed tomographic scan of the neck and chest was obtained (Fig 
1). This demonstrated a contrast-enhancing mass in the region of the 
right subclavian artery with a “bull’s-eye” sign suggesting a pseu- 


doaneurysm.* The patient was then transferred to our institution 
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with the presumed diagnosis of subclavian artery pseudoaneurysm 
for which arteriography and repair were to be performed. 

On arrival to our emergency department, the patient complained of 
stridor and dysphagia that had mot worsened considerably since its 
onset. On physical examination she had moderate deviation of the 
trachea to the left and stridor on-deep inspiration and with exertion. 
There was no crepitance in her neck or chest. Her hemoglobin value 
was 118 g/L, coagulation study results were within normal limits, and 
her arterial blood gases with 10 L of oxygen by nasal prongs were as 
follows: pH, 7.36; PO,, 144 mm Hg; PCo,, 48 mm Hg; and total CO,, 28 
mEq/L. Aortography with selected views of the right subclavian 
artery revealed a pseudoaneurysm of the right vertebral artery near 
its origin from the right subclavian artery (Fig 2). Following this 
procedure, the patient was taken to the operating room for surgical 
correction. Exploration was perfermed through a median sternotomy 
with extension along the antericr border of the right sternocleido- 
mastoid muscle. Proximal and d stal control were obtained and the 
injury was inspected. Because ef the small size of the vessel, the 
adequate contralateral vertebral artery, and the macerated nature of 
the injury, the right vertebral artery was ligated. Postoperatively, 
the patient made an unremarkable recovery with no neurologic se- 
quelae and she was discharged back to the referring hospital on the 
seventh postoperative day for further treatment of her infected knee 
prosthesis. 


COMMENT 


The present case report Getails a previously unreported 
complication of subclavian vein catheterization, namely, ver- 
tebral artery pseudoaneurysm. Attention to this problem was 
brought about in our patient by the stridor and dysphagia 
noted 5 days following placement of the subclavian catheter. 
The differential diagnosis far this symptom complex in a 
patient with an indwelling subclavian line and a recent veni- 
puncture would include subclavian hematoma, subclavian ar- 
tery pseudoaneurysm, extravasation of fluid into the subcla- 
vian area, and esophageal perforation, as well as vertebral 
artery pseudoaneurysm. Minmal workup should consist of a 





Fig 1.—Intravenous contrast-enhanced axial computed tomographic 
scan of the neck 25 mm cephalad to the clavicular heads reveals 
anterior and lateral displacement of the right common carotid artery 
and internal jugular vein (short armow), left and anterior displacement 
deformity of the trachea (curved arrow), and posterior and leftward 
displacement of the esophagus fong arrow) by a soft-tissue mass 
(arrowheads) with areas of differing radiopacity in a typical “bull’s-eye” 
pattern. 
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Fig 2.—Intra-arterial digital subtraction angiogram with masking to 
correct for motion due to cardiac pulsations demonstrates displace- 
ment of the right carotid and brachiocephalic arteries (straight arrows) 
with extravasation from the right vertebral artery (curved arrow) into 
the central portion of a pseudoaneurysm (arrowheads), which corre- 
sponds to the centrally enhancing area of the soft-tissue mass noted 
by computed tomography. 


chest roentgenogram and a computed tomographic scan of the 
neck. In the patient presented herein, this revealed a superior 
mediastinal, contrast-enhancing mass in the region of the 
right subclavian artery with a bull’s-eye sign suggestive of a 
pseudoaneurysm.’ Arteriography subsequently proved the 
pseudoaneurysm to be of vertebral origin. 

Vertebral artery trauma, in general, is frequently over- 
looked because of the absence of symptoms associated with it. 
In fact, vertebral artery injuries are most frequently noted 
during the routine use of arteriography to study the extracra- 
nial circulation as part of the selective evaluation of traumatic 
neck injuries.” When present, symptoms frequently result 
from a pseudoaneurysm or arteriovenous fistula. Other 
symptoms seen with vertebral artery pseudoaneurysms that 
were not manifested in our patient include brain-stem or 
spinal-cord ischemia from a steal phenomenon and spinal-cord 
compression by either the pseudoaneurysm or dilated veins in 
the area.° i 

There are two major therapeutic alternatives available 
once the diagnosis of vertebral artery pseudoaneurysm is 
made. The first is operative intervention. The vertebral ar- 
tery is divided anatomically into four segments.’ The first 
segment extends from its origin off the subclavian artery to 


its entrance into the interosseous canal at C-6. The second 


portion consists of the interosseous portion of the artery from 
C-6 to C-1. The third segment is that between C-1 and the 
base of the skull, and the fourth segment is the intracranial 
portion. It is apparent from this description that surgical 
exposure of the vertebral artery is difficult. Injuries of the 
first and second portions are best approached by either a 
transverse incision along the clavicle that divides the sterno- 
cleidomastoid and anterior scalene muscles but preserves the 
phrenic nerve (Edwards approach)? or along the anterior 
border of the sternocleidomastoid muscle (Henry’s ap- 
proach).* If access to the vessels is uncertain because of a large 
mass or hematoma, a median sternotomy may be added to 
ensure proximal control. Surgical control of the third portion 
may be obtained through an anterior sternocleidomastoid 
muscle incision,” a posterior paramedian suboccipital inci- 
sion, a suboccipital craniectomy, or a mandibular splitting 
procedure. Surgical control of the fourth portion is achieved 
by suboccipital craniectomy only. 

The second approach for management of vertebral artery 
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injuries is via the percutaneous placement of a balloon occlu- 
sive device, intraluminal coils, or gelfoam.”" This approach is 
probably the preferred method for management of lesions in 
the third and fourth portions of the vertebral artery. The 
balloon may be placed by a catheter introduced across the 
injured artery. However, if there is insufficient channel to 
pass the guide wire through the injured artery itself or if the 
guide wire cannot be threaded through the curved intracrani- 
al portion of the artery, the balloon can be introduced via the 
opposite vertebral artery and passed retrograde to the site of 
injury. 

The operative approach was chosen over the percutaneous 
technique in our patient because of the location of the injury 
near the origin of the vertebral artery and because of the large 
symptomatic hematoma. A median sternotomy with exten- 
sion along the sternocleidomastoid was chosen because of the 
concern that proximal control would be extremely difficult in 
the face of the large hematoma. Alternatively, a transverse 
incision along the clavicle or an incision along the border of the 
sternocleidomastoid muscle alone could have been combined 
with temporary proximal vertebral artery balloon occlusion. 

Unilateral occlusion with a normal contralateral vertebral 
artery is well tolerated. A caveat to this statement is that the 
posteroinferior cerebellar artery on the side of the injury 
must also fill via the contralateral vertebral artery. If the 
latter is not the case, the Wallenberg syndrome may develop.’ 
This syndrome is characterized by cranial nerve deficits 
(V, IX, X, and XI), ataxia, Horner’s syndrome, and contralat- 
eral loss of pain and temperature sensation. One cannot as- 
sume that the contralateral vertebral artery is intact with a 
unilateral injury since approximately 15% of people have a 
dominant vertebral artery on one side and a rudimentary 
artery on the other.” An additional 5% of people have only one 
vertebral artery.” Therefore, occlusion or ligation of the ver- 
tebral artery in nonemergency situations requires confirma- 
tion of adequate blood flow to the posterior circulation by 
arteriographic examination of both vertebral arteries. Al- 
though not absolutely necessary, an assessment of the anteri- 
or circulation should also be considered to rule out the pres- 
ence of a cerebral circulation dependent on only the posterior 
arteries. In the case presented herein, the large patent left 
vertebral artery was thought to provide adequate basilar 
artery inflow, and ligation was performed without untoward 
neurologic sequelae. 
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E Outstanding protection against postsurgical 
staphylococcal infections’ 


More effective surgical prophylaxis* than cefazolin” 
E Beta-lactamase stability superior to cefazolin? 


More convenient, economical dosing than cefazolin“ 


*In clean-contaminated or potentially contaminated surgical procedures. 
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Zinacef” Zinacef" BRIEF SUMMARY 
(sterile cefuroxime sodium, Glaxo) (cefuroxime sodium injection) 


The following is a brief summary only. Before prescribing, see complete prescribing information in Zinacef® product 


labeling. 

INDICATIONS AND USAGE: Zinacef® is indicated for the treatment of patients with infections caused by susceptible 

Strains of the designated organisms in the following diseases: 

1. Lower Respiratory Tract Infections, including pneumonia, caused by Streptococcus pneumoniae (formerly Diplococcus 
pneumoniae), Haemophilus influenzae (including ampicillin-resistant strains), Klebsiella spp, Staphylococcus aureus 
(penicillinase- and non-penicillinase-producing), Streptococcus pyogenes, and Escherichia coli, 

2. Urinary Tract Infections caused by E col/ and Klebsiella spp. 

3. Skin and Skin Structure Infections caused by S aureus (penicillinase- and non-penicillinase-producing). S pyogenes, 

E coli, Klebsiella spp, and Enterobacter spp. 

4. Septicemia caused by S aureus (penicillinase- and non-penicillinase-producing), S pneumoniae, E coli, H influenzae 
(including ampicillin-resistant strains), and Klebsiella spp. 

5. Meningitis caused by S pneumoniae, H influenzae (including ampicillin-resistant strains), Neisseria meningitidis, and 
S aureus (penicillinase- and non-penicillinase-producing). 

6. Gonorrhea: Uncomplicated and disseminated gonococcal infections due to Neisseria gonorrhoeae (penicillinase- and 
non-penicillinase-producing strains) in both males and females. 

7. Bone and Joint Infections caused by S aureus (including penicillinase- and non-penicillinase-producing strains) 

Clinical microbiological studies in skin and skin structure infections frequently reveal the growth of susceptible strains of 
both aerobic and anaerobic organisms. Zinacef has been used successfully in these mixed infections in which several 
organisms have been isolated. Appropriate cultures and susceptibility studies should be performed to determine the 
susceptibility of the causative organisms to Zinacef. 

Therapy may be started while awaiting the results of these studies; however, once these results become available, the 
antibiotic treatment should be adjusted accordingly, In certain cases of confirmed or suspected gram-positive or gram- 
negative sepsis or in patients with other serious infections in which the causative organism has not been identified, Zinacet 
may be used concomitantly with an aminoglycoside (see PRECAUTIONS). The recommended doses of both antibiotics may 
be given depending on the severity of the infection and the patient's condition. 

Prevention: The preoperative prophylactic administration of Zinacef may prevent the growth of susceptible disease-causing 

bacteria and thereby may reduce the incidence of certain postoperative infections in patients undergoing surgical procedures 

(eg, vaginal hysterectomy) that are classified as clean-contaminated or potentially contaminated procedures. Effective 

prophylactic use of antibiotics in surgery depends on the time of administration. Zinacef should usually be given one-half to 

one hour before the operation to allow sufficient time to achieve effective antibiotic concentrations in the wound tissues 
during the procedure. The dose should be repeated intraoperatively if the surgical procedure is lengthy 

Prophylactic administration is usually not required after the surgical procedure ends and should be stopped within 24 
hours. In the majority of surgical procedures, continuing prophylactic administration of any antibiotic does not reduce the 
incidence of subsequent infections but will increase the possibility of adverse reactions and the development of bacterial 
resistance. 

The perioperative use of Zinacef has also been effective during open heart surgery for surgical patients in whom infections 
at the operative site would present a serious risk. For these patients it is recommended that Zinacef therapy be continued 
for at least 48 hours after the surgical procedure ends. If an infection is present, specimens for culture should be obtained 
for the identification of the causative organism and appropriate antimicrobial therapy should be instituted 
CONTRAINDICATIONS: Zinacef® is contraindicated in patients with known allergy to the cephalosporin group 
of antibiotics. 

WARNINGS: BEFORE THERAPY WITH ZINACEF® IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DETERMINE 

WHETHER THE PATIENT HAS HAD PREVIOUS HYPERSENSITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR 

OTHER DRUGS. THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PATIENTS. ANTIBIOTICS 

SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, 

PARTICULARLY TO DRUGS. IF AN ALLERGIC REACTION TO ZINACEF OCCURS, DISCONTINUE THE DRUG. SERIOUS ACUTE 

HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad-spectrum antibiotics); 

therefore, it is important to consider its diagnosis in patients who develop diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics alters normal flora of the colon and may permit overgrowth of clostridia. 
Studies indicate a toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. Cholestyr- 
amine and colestipol resins have been shown to bind the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuation alone. Moderate to severe cases should be managed with fluid, 
electrolyte, and protein supplementation as indicated. 

When the colitis is not relieved by drug discontinuation or when it is severe, oral vancomycin is the treatment of choice 
for antibiotic-associated pseudomembranous colitis produced by C difficile. Other causes of colitis should also be considered 
PRECAUTIONS: Although Zinacef* rarely produces alterations in kidney function, evaluation of renal status during 
therapy is recommended, especially in seriously ill patients receiving the maximum doses, Cephalosporins should be given 
with caution to patients receiving concurrent treatment with potent diuretics as these regimens are suspected of adversely 
affecting renal function 

The total daily dose of Zinacef should be reduced in patients with transient or persistent renal insufficiency (see DOSAGE 
AND ADMINISTRATION), because high and prolonged serum antibiotic concentrations can occur in such individuals from 
usual doses 

As with other antibiotics, prolonged use of Zinacef may result in overgrowth of nonsusceptible organisms. Careful 
observation of the patient is essential. If superinfection occurs during therapy, appropriate measures should be taken 

Broad-spectrum antibiotics should be prescribed with caution in individuals with a history of gastrointestinal disease, 
particularly colitis 

Nephrotoxicity has been reported following concomitant administration of aminoglycoside antibiotics and cephalosporins 
Drug/Laboratory Test Interactions: A false-positive reaction for glucose in the urine may occur with copper reduction tests 
(Benedict's or Fehling’s solution or with Clinitest® tablets), but not with enzyme-based tests for glycosuria (eg, Tes-Tape®) 
As a false-negative result may occur in the ferricyanide test, it is recommended that either the glucose oxidase or 
hexokinase method be used to determine blood plasma glucose levels in patients receiving Zinacef. 

Cefuroxime does not interfere with the assay of serum and urine creatinine by the alkaline picrate method. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Although no long-term studies in animals have been performed to 
evaluate carcinogenic potential, no mutagenic potential of cefuroxime was found in standard laboratory tests 

Reproductive studies revealed no impairment of fertility in animals. 

Pregnancy: eralogenic Effects: Pregnancy Category B: Reproduction studies have been performed in mice and rabbits at 

doses up to 60 times the human dose and have revealed no evidence of impaired fertility or harm to the fetus due to 

cefuroxime. There are, however, no adequate and well-controlled studies in pregnant women, Because animal reproduction 

Studies are not always predictive of human response, this drug should be used during pregnancy only it clearly needed. 

Nursing Mothers: Since Zinacef is excreted in human milk, caution should be exercised when Zinacef is administered to a 

nursing woman, 

Pediatric Use: Safety and effectiveness in children below 3 months of age have not been established. Accumulation of other 

members of the cephalosporin class in newborn infants (with resulting prolongation of drug half-life) has been reported 

ADVERSE REACTIONS: Zinacet* is generally well tolerated. The most common adverse effects have been local reactions 

following intravenous administration. Other adverse reactions have been encountered only rarely. 

Local Reactions: Thrombophlebitis has occurred with intravenous administration in 1 in 60 patients. 

Gastrointestinal: Gastrointestinal symptoms occurred in 1 in 150 patients and included diarrhea (1 in 220 patients) and 

nausea (1 in 440 patients). Onset of pseudomembranous colitis symptoms may occur during or after antibiotic treatment (see 

WARNINGS). 

Hypersensitivity Reactions: Hypersensitivity reactions have been reported in less than 1% of the patients treated with 

Zinacet and include rash (1 in 125). Pruritus, urticaria, and positive Coombs test each occurred in less than 1 in 250 patients, 

and, as with other cephalosporins, rare cases of anaphylaxis, erythema multiforme, and Stevens-Johnson syndrome have 

occurred. 

Blood: A decrease in hemoglobin and hematocrit has been observed in 1 in 10 patients and transient eosinophilia in 

1 in 14 patients. Less common reactions seen were transient neutropenia (less than 1 in 100 patients) and leukopenia 

(1 in 750 patients). A similar pattern and incidence were seen with other cephalosporins used in controlled studies 

Hepatic: Transient rise in SGOT and SGPT (1 in 25 patients), alkaline phosphatase (1 in 50 patients), LDH (1 in75 patients), and 

bilirubin (1 in 500 patients) levels has been noted. 

Kidney: Elevations in serum creatinine and/or blood urea nitrogen and a decreased creatinine clearance have been observed, 

but their relationship to cefuroxime is unknown 


In addition to the adverse reactions listed above that have been observed in patients treated with ceturoxime, the follawing 
adverse reactions and altered laboratory tests have been reported for cephalosporin-class antibiotics: 

Reactions: Toxic epidermal necrolysis, fever, vomiting, abdominal pain. colitis, vaginitis including vaginal 
candidiasis, toxic nephropathy, hepatic dysfunction including cholestasis, aplastic anemia, hemolytic anemia, 
hemorrhage. 

Several cephalosporins have been implicated in triggering seizures, particularly in patients with renal impairment 
when the dosage was not reduced (see DOSAGE AND ADMINISTRATION). If seizures associated with drug therapy 
should occur, the drug should be discontinued. Anticonvulsant therapy can be given if clinically indicated 

Altered Laboratory Tests: Prolonged prothrombin time, pancytopenia, agranulocytosis, thrombocytopenia 

DOSAGE AND ADMINISTRATION: (See complete prescribing information in Zinacet® product labeling.) 
Impaired Renal Function: A reduced dosage must be employed when renal function is impaired. Dosage should be 
determined by the degree of renal impairment and the susceptibility of the causative organism (see Table 1 in product 
package insert). 
HOW SUPPLIED: Zinacef® in the dry state should be stored between 15° and 30°C (59° and 86°F) and protected from 
light. Zinacef is a dry, white to off-white powder supplied in vials and infusion packs as follows: 
NDC 0173-0352-31 750-mg’ Vial (Tray of 25) 
NDC 0173-0354-35 1.5-g° Vial (Tray of 25) 
NDC 0173-0353-32 750-mg* Infusion Pack (Tray of 10) 
NDC 0173-0356-32 1.5-g° Infusion Pack (Tray of 10) 
NDC 0173-0400-00 7.5-g* Pharmacy Bulk Package (Tray of 6) 
Zinacet frozen as a premixed solution of cefuroxime sodium should not be stored above -20°C. Zinacef is supplied frozen 
in 50-ml, single-dose, plastic containers as follows 
NDC 0173-0424-00 750-mg* Plastic Container (Carton of 24) 
NOC 0173-0425-00 1.5-g* Plastic Container (Carton of 24) 
“Equivalent to cefuroxime. 


October 1989 


&} ABI-122 


Glaxo Pharmaceuticals 
Research Triangle Park, NC 27709 


Zinacef® (sterile cefuroxime sodium): Glaxo Pharmaceuticals, Research Triangle Park, NC 27709 
Zinacef® (cefuroxime sodium injection): Manufactured for Glaxo Specialties Inc., Research Triangle Park, NC 27709 
by Baxter Heatthcare Corporation, Deerfield, IL 60015 


ZIN450 Printed in USA February 1990 


PREVENTION 


April 19-22, 1990 
The Westin Peachtree Plaza 
Atlanta, Georgia 




















ASSURING THE 
PUBLIC’S HEALTH 
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prospects for “Assuring the 
Public’s Health’ at the Seventh 
Annual National Preventive 
Medicine Meeting in Atlanta, 
Georgia. More than 200 experts 
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on such topics as the future of 
public health, drug testing, 
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problems in urban settings, 
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Correspondence and Brief Communications 


Diagnosing Myocardial Contusion 


To the Editor.—I read with interest the 
article by Ross et al’ in the April 1989 
issue of the ARCHIVES. I think that their 
point about the safety of operating on 
patients with cardiac contusion as op- 
posed to those patients who have suf- 
fered myocardial infarction is a very im- 
portant one in dealing with patients 
with multiple trauma, who certainly can 
‘undergo operation for other problems 
with appropriate cardiovascular moni- 
toring. This is an especially significant 
consideration in view of the benefits of 
early operative fixation of multiple 
fractures. | 
However, I do have some concerns 
ith the article. It is noted in their “Pa- 
ients and Methods” section that they 
e elevation of the creatine kinase MB 
K-MB) fraction over 2.5% to consti- 
ate a positive diagnostic criterion for 
vardiac contusion. Ross et al also used 
bnormalities in the electrocardiogram, 











tion defects, and ischemic changes, for 
their other diagnostic criteria for cardi- 
ac contusion. This study failed to men- 
tion or use two-dimensional echocardio- 
. graphy or multiple-gated acquisition in 
| confirming the diagnosis of myocardial 
contusion. It is also noted that the utili- 
zation of elevation of the MB percentage 
to over 2.5% of the total CK is much 
lower than what most other authors 
have utilized for making the diagnosis of 
cardiac contusion. I also noticed that 
most of the references in the article are 
from 1982 or before and do not address 
the more recent methods used for diag- 


Books ) 


i 
International Handbook of Pancreas Trans- 
plantation, edited by J. N. Dubernard and D. E. R. 
Sutherland, 552 pp, $185, Dordrecht, the Nether- 
lands, Martinus Nijhoff Publishers, 1989. 


Now that kidney, heart, and liver 
transplantations are routine, an in- 
creasing number of those Lies the 
transplantation frontier are turning to 
the pancreas. There is ample reason to 
do so since diabetes affects millions of 
persons and its secondary manifesta- 
tions of kidney disease, retinopathy, 
and infection create a significant public 
health problem as summarized in the 
opening chapter of this book. 

In 1980 at a meeting in Lyon, France, 
the international players in pancreatic 
transplantation started a Pancreas 

| Transplant Registry that subsequently 
located in Minneapolis, Minn. This set 
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cluding arrhythmias, ectopy, conduc- | 


nosis and evaluation of myocardial 
contusions. 

The only definitive diagnosis of myo- 
cardial contusion is obtained at either 
operation or autopsy when an obviously 
bruised myocardium can be seen either 
with the naked eye or microscopically. 
In the absence of these rather obvious 
indications for myocardial contusion, 
we must use tests that are very sugges- 
tive but not completely diagnostic. It is 
also evident from the literature that no 
test is 100% sensitive or specific for di- 
agnosis of myocardial contusion. Tests 
currently used include the CK-MB frac- 
tion, electrocardiography, two-dimen- 
sional echocardiography, and multiple- 
gated acquisition scans. 

We have recently tried to address the 
problem of definition of the diagnosis of 
myocardial contusion through the Penn- 
sylvania Trauma Systems Foundation, 
Mechanicsburg, by consensus of the 
Pennsylvania trauma directors. This 
consensus definition was developed in 
an effort to identify those patients with 
high probability for myocardial contu- 
sion in the absence of obvious cardiac 
damage at the time of surgery or autop- 
sy. This definition includes the cascade 
of an elevated CK-MB fraction greater 
than or equal to 5% of the total CK 
value; electrocardiographic abnormali- 
ties, including ischemic changes, evi- 
dence of new conduction defects, or ar- 
rhythmias requiring treatment; and/or 
evidence of cardiac dyskinesia via two- 
dimensional echocardiography, multi- 
ple-gated acquisition scans, or cardiac 
catheterization. 

For a diagnosis of cardiac contusion, a 


the stage for excellent communication 
between the far-flung pancreas trans- 
plant teams, which, under the editorial 
guidance of Dubernard (Lyon) and 
Sutherland (Minneapolis), produced 
this book summarizing the current state 
of the art. There are 31 major contribu- 
tors from 14 countries. It is of passing 
note that the three busiest centers in 
the United States are in Minnesota, 
Wisconsin, and Iowa—as though the 
“Big 10” had priority on the problem. 

In the 24 years since the first pancre- 
as transplantation in Minnesota, there 
have been intermittent surges of enthu- 
siasm for the technique, characteristi- 
cally followed by periods of desponden- 
cy when promising techniques, such as 
islet cell transplantation or the use of 
ingenious mechanical devices for inject- 


patient must have diagnosis document- 
ed by a physician, a history of chest-wall 
contusion, and one of the following: (1) 
an abnormal echocardiogram, defined 
by an echocardiographer’s reading as 
abnormal; (2) the CK-MB fraction must 
be greater than 5% of the total CK taken 
for that same specimen; or (3) an abnor- 
mal electrocardiogram, which is defined 
as arrhythmia requiring treatment or 
an electrocardiogram interpretation of 
“consistent with ischemia or contusion.” 

This consensus definition seems to 
identify the patients at risk for these 
rather major cardiac difficulties, at 
least as reported in several recent se- 
ries.”* 

I would hope that I am speaking for 
many trauma surgeons across the coun- 
try when I state that we desperately 
need a standardized definition for cardi- 
ac contusion, which is especially impor- 
tant if we are to continue to recognize 
the patients at risk for severe complica- 
tions related to their cardiac contusion. 


J. STANLEY SMITH, JR, MD 
Hershey, Pa 


1. Ross P, Degutis L, Baker CC. Cardiac contu- 
sion: the effect on operative management of the 
patient with trauma injuries. Arch Surg. 1989; 
124:506-507. 

2. Beggs CW, Helling TS, Evans LL, etal. Early 
evaluation of cardiac injury by two-dimensional 
echocardiography in patients suffering blunt chest 
trauma. Ann Emerg Med. 1987;16:542-545. 

3. Fabian TC, Mangiante EC, Patterson CR, et 
al. Myocardial contusion in blunt trauma: clinical 
characteristics, means of diagnosis, and implica- 
tions for patient management. J Trauma. 1988; 
28:50-57. 


ing insulin, were found to be less benefi- 
cial than originally indicated. Such 
mood swings also characterized the in- 
fancy of kidney, heart, and liver trans- 
plantation, but the childhood and ado- 
lescence of pancreas transplantation 
has been prolonged. The mood of this 
volume is one of guarded optimism as 
pancreas transplantation is reaching its 
maturity. 

Every aspect of pancreas transplan- 
tation for diabetes is covered in this vol- 
ume. The first chapters concern the 
public health problem, current consid- 
erations of the pathogenesis of type I 
diabetes, and discussions of patient se- 
lection and management. Each is writ- 
ten by an internationally experienced 
author. An outstanding 50-page chapter 
by Dubernard and his colleagues from 
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Lyon on operative technique is both ex- 
tensively illustrated, with good line 
drawings, and well annotated. Suther- 
land’s 32-page chapter is particularly 
important as it addresses the controver- 
sial effect of pancreas transplantation 
on stemming or reversing the second- 
ary lesions of diabetes, such as neuropa- 
thy, kidney disease, or retinopathy. 
Unlike heart or liver transplantation, 
pancreas transplantation is not lifesav- 
ing. It trades dependence on insulin for 
dependence on immunosuppressive 
drugs, so that its justification must 
characteristically rest on its protective 
effect against the secondary ravages of 
diabetes. 

A particularly valuable chapter sum- 
marizes the current status of the Regis- 
try. This will be an important database 
for anyone wishing to evaluate pancreas 
transplantation for diabetes. This fact- 
filled chapter is followed by a chapter by 
each of the 20 major teams in which they 
discuss how their technique, philoso- 
phy, or results might significantly differ 
from those of others. In some instances 
one or two commentaries are added in 
rebuttal. 

This authoritative and scholarly book 
will be of value both to the expert and to 
those considering entering the emerg- 
ing field of pancreas transplantation. 
The experts, be they medical diabetolo- 
gists or transplant surgeons, will find 
this an authoritative database for their 
decisions. Newcomers will find that this 
book addresses every aspect of the 
problem, presented in a factual and ob- 
jective manner. 

It will be interesting in 10 years to 
review this progress report, made at a 
time when pancreas transplantation for 
diabetes is still in an uncertain state. 
Within a decade or less some form of the 
technique will have an accepted role in 
the management of some of the many 
millions of people affected by diabetes. 


BEN EISEMAN, MD 
Denver, Colo 


Surgical Audit, by Alan Pollock and Mary Ev- 
ans, 167 pp, $55, Stoneham, Mass, Butterworths, 
1989 


The title of this slim monograph belies 
the content. The authors have much in- 
terest and experience in the processes 
involved in the evaluation of all aspects 
of health care. The material covered is 
broad and divided into the audit of 
structure, process, and outcome. In- 
cluded under structure are various 
methods for the organization of health 
care services, including mechanisms for 
payment of both hospital and physician 
services. The audit of process concerns 
the techniques for the actual provision 
of health care, including the evolution of 


552 Arch Surg—Vol 125, April 1990 


increasing emphasis on ambulatory and 
preventive services. Finally, in the au- 
dit of outcome, the need for documenta- 
tion and evaluation of negative and un- 
toward results is considered. There is 
also emphasis on the need to evaluate 
the quality of outcome and patient satis- 
faction. Additional topics include the 
ethics of patient care and ethics in 
research and scientific publications. 
These subjects are not discussed exclu- 
sively with respect to surgical care but 
rather as they relate to all types of care. 

A survey of the entire spectrum of 
organization, provision, and evaluation 
of health care in a brief monograph dic- 
tates that there is no sharp focus or in- 
depth review of individual processes. 
There is little discussion of practice 
guidelines, a process currently being 
emphasized in the United States. The 
need for additional well-designed pro- 
spective studies that establish the effi- 
cacy of all of these processes for either 
cost containment or improvement of 
quality of care is apparent. 

This monograph is timely in view of 
the current ferment in the United 
States with respect to the development 
of clinical indicators and the evolution of 
more precise and meaningful tech- 
niques for assessment of outcome. As 
we enter this arena, it is most important 
that we define the objectives of these 
processes and design strategies that 
may have the potential to achieve the 
desired objectives. The excellent bibli- 
ographies included with each of the 23 
brief chapters of this monograph may be 
particularly useful for those working in 
this rapidly evolving field. 


ARTHUR J. DONOVAN, MD 
Los Angeles, Calif 


Controversies in the Management of Venous 
Disorders, edited by Bo Ekloff, Jan Erik Gjéres, 
Olav Thulesius, and David Bergqvist, 328 pp, 
Stoneham, Mass, Butterworths, 1989. 


This small, high-quality book is com- 
posed of 30 chapters contributed by 
Scandinavians interested in venous 
diseases. The title suggests that it is 
mainly about controversies, yet there 
is much valuable information regard- 
ing the treatment of common venous 
problems. Each chapter is followed by 
an invited commentary from recog- 
nized experts who apparently were 
encouraged to be candid in expressing 
their opinions, even if they disagree 
with each other. 

The chapters are refreshingly con- 
cise and to the point, and they contain 
subdivisions well marked by boldface 
type. The line drawings are for the 
most part well done, although in some 
cases they are diagrammatically over- 
simplified. Reproductions of photo- 
























graphs are excellent, and they are 
accompanied by accurate, descriptive 
legends. The chapters are each fol- 
lowed by appropriate references tha. 
include the classic reports as well as 
more modern ones. 

The book is organized in a standard 
fashion with the first three chapter 
dealing mainly with pathophysiology, 
followed by four chapters devoted to 
diagnostic maneuvers. Phlebography 
is well eovered, and the book includes 
a discussion of the methods necessary 
to obtain good films. There are excel- 
lent reproductions of positive phlebo. 
grams and descriptions of the impo 
tant diagnostic features. In the section 
dealing with treatment, anticoagula- 
tion and lytic therapy are briefly de- 
scribed, but are well covered. Precis 
methods of compressive therapy wit. 
or without sclerotherapy are pre 
sented, and clear photographs shov 
how to bandage the extremities wh 
managing the sequelae of the p 
phlebitic syndrome. In chapter 14 , 
ticular attention is given to the man 
agement of a most vexing probler 
the pregnant woman with deep venou. 
thrombosis. 7 

Special maneuvers useful in surgery 
are described in chapters 12, 13, anc 
19, and although the description of 
operations for direct venous recon- 
struction is brief, and less exact, the 
invited commentary is of particular 
value. Finally, in the section on sur- 
gery, there are excellent discussions 
regarding adjunctive arteriovenous 
fistulas following iliofemoral venous 
thrombectomy. It is especially appro- 
priate that this is covered in some 
detail since the Scandinavians have 
the most experience with this opera- 
tion. It is troubling, however, to note 
that to achieve an acceptable success 
rate, long-term warfarin anticoagula- 
tion therapy is required. 

It is surprising in a book dealing 
with controversies that the Australian 
operation of “stab and grab” for treat- 
ing superficial varicose veins is not 
mentioned. One assumes that this pro- 
cedure has not been widely accepted 
in Scandinavia. 

The aim of the editors—to identify 
and discuss controversies in the man- 
agement of venous problems—has for 
the most part been met in this hand- 
some offering. Controversies in the 
Management of Venous Disorders will 
be a valuable addition to the library of 
anyone interested in venous surgery, 
and will, for the student, deliver a | 
ready source of references for a more 
extensive study. 

Matcoutom O. Perry, MD 
Nashville, Tenn 
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į patient counseling pee 
‘The medical community has long 
recognized the need for such 
education. 

As a physician, it is vital that you 
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PMIs are handy, tear-off, drug 
information sheets designed to 
supplement your verbal instructions 
to your patients. They are quick and 
easy because you distribute them at 
the same time you write the 
prescription. 
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physician - patient relationships. 


The Patient Medication Instruction 
(PMI) Program is designed to help you: 
(strengthen your physician- 

patient relationships. 

J improve patient compliance 
in drug use. 

(_j increase the effectiveness of 
drug therapy. 


PMIs contain scientifically 
sound information for the 
drugs you most frequently 
prescribe. Each PMI provides: 
ga description of the medicine 

and its purpose. 

(J information to be considered 
before use. 

g guidelines on the proper use 
of the medicine, including 
what should be done if a dose 
is missed or delayed. 

(J select side effects—those 
that should be reported to the 
physician and those that 











usually do not require medical — K 


attention. 

PMIs are available for 81 drug titles. 
They are distributed exclusively through 
the United States Pharmacopeia 
(USP). USP is the organization that 
for 170 years has revised and published 
The United States Pharmacopeia and 
the National Formulary (USP—NF), 
the legally recognized compendia of 
standards for drugs, and the USP D/® 
database of drug use information from 
which the text of PMIs is extracted. 


Help your patients get the information they want and need. Order your PMIs from USP today. Call toll-free to 
receive a FREE PMI information kit or to order and charge to your MasterCard or VISA. 


1-800-227-8772, Ext. 771 


Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Surgery, P.O. Box 1510, Clearwater, 
Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. Please do not send 
classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
c/o AOS, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Surgery. 
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CLASSIFIED 
INFORMATION 


Regular Classified 1Time 3Times 

or more” 
Cost per word $1.60 $1.45 
Minimum 20 words. per issue 


*In order to 2arn the three-time rate, your ad must be placed 
and prepaio at the same time for three or more issues. 


Classified Display 1Time 3Times 
Full page $1,390 $1,209 
Two-thirds page 1,184 1,030 
One-half page 973 847 
One-third page 767 668 
One-sixth page 354 308 
Column irch 75 65 


Minimum display ad: one column inch 
12-time rate available on request. 


Closing Date 


The 25th of the second month prior to the issue 
date. Example: The December issue closes 
October 25th. No ads can be cancelled after the 
closing date. 


Send al copy, correspondence, production 
materials and payments to: 


surge ry 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistamce with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 





Practices Available 


SOUTHERN INDIANA — Solo general surgery 
practice for sale; cooperative coverage; modern 
120-bed hospital; growing community; gross 
$400,000 plus; office lease or buy; will introduce. 
Send CV: Box #905, c/o AOS. 


PRACTICE OPENING: Central California coastal 
area. Diverse. busy outpatient facility using general 
and regional anesthesia. Respond to: Box #909, c/o 
AOS. 








Professional Opportunities 


GENERAL SURGEON — Marshfield Clinic Depart- 
ment of Surcery is expanding and is seeking an 
additional general surgeon with special interests 
and expertise in intensive care and surgical educa- 
tion. The surgeon would join eight existing general 
surgeons. Marshfield Clinic is a private group prac- 
tice consisting of 325 physicians representing all 
surgical and medical specialties. The clinic is physi- 
cally attached to a 525-bed acute care teaching 
hospital. A surgical residency program, University 
of Wisconsin Medical School affiliation, large medi- 
cal research *oundation, plus a major secondary 
and tertiary level patient referral base contribute toa 
very stimulating environment. For additional infor- 
mation, please send a curriculum vitae to: John P. 
Folz, Assistart Director, Marshfield Clinic, 1000 
North Oak Avenue, Marshfield, WI 54449. Or call 
collect at: (71£) 387-5181. 
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Professional Opportunities 


WANTED: Board-eligible or board-certified general 
surgeon with subspecialty in vascular surgery to 
join a three person surgical practice in upstate New 
York. Send CV to: Surgical Associates, P.C., 161 
Riverside Drive, Binghamton, NY 13905. 


BC/BE GENERAL SURGEON — CALIFORNIA. 
Exceptional private practice opportunity. Establish- 
ed practice (surgeon retiring); financial assistance 
and guaranteed income. New businesses are con- 
tributing to steady growth of service area which is 
now 90,000. 112-bed, full service hospital. Located 
in central California near Sequoia National Park, 
Tulare offers family environment, abundant and var- 
ied recreation, beautiful homes attractively priced. 
Good schools, restaurants and shopping. Easy 
access to California's major cities and attractions. 
Contact: Tulare District Hospital Physician Recruit- 
ing Office, Box 90112, Los Angeles, CA 90009. 
(213) 216-2687. 


SOUTHEAST UNITED STATES — Excellent oppor- 
tunities for board-certified or board-eligible sur- 
geons for solo and group practices. Send CV to: 
CPR Associates, P.O. Box 235005, Montgomery, AL 
36123-5005. 





VOLUNTEER SURGEONS 
GENERAL & ORTHOPAEDIC 


International Medical Corps, a non-profit 
organization which provides medical assist- 
ance and health care training to devastated 
countries is seeking orthopaedic and general 
surgeons to volunteer their expertise in 
Peshawar, Pakistan. Orthopaedic Surgeons 
are needed for two week assignments for our 
ongoing screening project which selects war- 
wounded Afghans for surgical procedures 
abroad. Housing and airfare provided. General 
Surgeons are needed for six month commit- 
ments to staff a new project which will retrain 
local Afghan physicians. Housing, airfare, sti- 
pend, insurance provided for general surgeons 
for a six month commitment. Send CV to: 
international Medical Corps 

10880 Wilshire Boulevard, Suite 606 

Los Angeles, CA 90024. Attention: Roz Grace 
(213) 474-3927 





GENERAL SURGEON: Surgical group seeking 
BC/BE, university trained associate. PV fellowship 
or extensive experience required. Complete non- 
invasive laboratory. Beautiful rural setting. Two 
hours from New York City. Send reply to: Box 
ANNSD, J.B. Lippincott Company, East Washington 
Square, Philadelphia, PA 19105. 





MAINE — GENERAL SURGEON: All modalities for 
JCAH, acute care hospital in northern lake and 
mountain region. Guaranteed cross coverage. 
Excellent financial package plus benefits and mov- 
ing expenses. One hour from metropolitan center 
and major university campus. Send CV to: New Eng- 
land Health Search, 63 Forest Avenue, Orono, ME 
04473. Or call: (207) 866-5680 or (207) 866-5685. 


GENERAL SURGEON desired for outstanding op- 
portunity to associate with three colleagues in an 
accredited multi-specialty group. Drawing area 
nearly 400,000 with two modern hospitals. Stimulat- 
ing Big-10 university community of 110,000 with 
superb cultural advantages. Ideal for families. Medi- 
cal school teaching affiliation if desired. Initial guar- 
antee and fringes with early associateship and sub- 
sequent income based on productivity. Send CV to: 
Medical Director, Christie Clinic, 101 West Univer- 
sity, Champaign, IL 61820. 








Professional Opportunities — 


ORTHOPEDIC SURGEONS: For groups in several 
major metropolitan areas including the Rockies and 
the Midwest. Most subspecialties included and 
some fellowship training available. Extremely 
attractive financial packages and liberal benefits. 
Call toll-free: (800) 533-0525. Or mail CV to: J. 
Sherriff & Associates, 10955 Granada, #203, Over- 
land Park, KS 66211-1440. 


GENERAL SURGEON 


To join two others in 50-physician multi-specialty 
clinic located 37 miles south of Madison, 2 hours from 
Chicago and Milwaukee. State-of-the-art hospital and 
clinic equipment. Excellent schools and community 


environment. First year salary with incentive, excellent 
benefits and early partnership with no buy-in. Send 
CV to: J.M. Ingalls, MD, Medical Director 
THE MONROE CLINIC 
Monroe, WI 53566 æ (608) 328-7000 





GENERAL SURGEON — Olmsted Medical Group is 
experiencing continuous growth and currently 
seeking a BC/BE general surgeon to join a busy, 
two-physician department. An excellent opportuni- 
ty for a well-trained physician to join a 50-physician 
multi-specialty group in an established, progressive 
practice. In addition to the recently expanded main 
office in Rochester, the Olmsted Medical Group 
operates eight branch offices in southeast Minne- 
sota. The affiliate hospital recently underwent com- 
plete renovation and expansion. Olmsted Medical 
Group offers a competitive salary and comprehen- 
sive benefit package, including malpractice insur- 
ance, flexible benefits plan, 401K and profit sharing. 
Send CV: Olmsted Medical Group, Attention: Susan 
Schuett, 210 Ninth Street Southeast, Rochester, MN 
55904. 


BC/BE SURGEON — General/vascular experience 
required. Endoscopy and/or thoracic desirable. 
Multi-specialty clinic. Position available, 1991. 
Attractive northeast Wisconsin. Abundant outdoor 
activities in family-oriented community. Send CV: 
David Manke, MD, West Side Clinic, Box 19070, 
Green Bay, WI 54307. 





GENERAL VASCULAR SURGEON with vascular 
fellowship to join three surgeons in practice of 
general, vascular and thoracic surgery in southern 
New Jersey, close to Philadelphia and shore points. 
Benefits and salary leading to partnership opportu- 
nity. Send CV to: Box #903, c/o AOS. 





HAWAII — GENERAL SURGEON. Board-certified/ 
-eligible general surgeon needed to join a large pre- 
paid multi-specialty group in Honolulu. Competitive 
salary and excellent fringe benefits. Applicants from 
high quality residency programs will be considered. 
Send CV to: Hawaii Permanente Medical Group, 
Inc., 3288 Moanalua Road, Honolulu, HI 96819. An 
equal opportunity employer. 


ORTHOPEDIC SURGEON for Oberlin, Ohio multi- 
specialty group to serve growing patient load. 
Northern Ohio college town serving drawing area 
275,000. Salary first year with full shareholder status 
available thereafter. Send CV to: Dr. VanDyke, 224 
West Lorain, Oberlin, OH 44074. 





GENERAL SURGEON BC/BE or BE this year. Join 
solo surgeon in practice on north side of Chicago. 
FAX CV and personal statement to: (312) 334-6158. 


PACIFIC NORTHWEST — Beautiful coastal com- 
munity seeking second BE/BC general surgeon. 
Excellent surgical facilities. Outstanding oceanfront 
location. Contact: Carol Westfall, Director of Recruit- 
ment, Cejka & Company, 222 South Central Avenue, 


Suite 400-116, St. Louis, MO 63105. Telephone: ~ 


(800) 678-7858. 





= 


= Professional Opportunities 


BC GENERAL SURGEON — Midsouth. Chief of 
Surgery, direct 7 staff. Major abdominal ambulatory. 
187-bed VA Medical Center in northwest Arkansas. 
State university sports, cultural events. Lakes and 
mountains. Competitive salary. Benefits include 
vacation, SL/insurance, retirement, no malpractice. 
Contact: Chief of Staff (501) 444-5050. 









Regional medical center for 85,000 population; 
need general surgeons and thoracic/vascular 
surgeon; located in beautiful mountainous east- 
ern Kentucky with state parks and lakes within 30 
miles. Progressive community with excellent 
accredited school system. Active staff 60 practic- 
ing physicians. If interested, send CV to: 
Dr. John Tummons, Administrator 
Methodist Hospital 
911 South Bypass, Pikeville, KY 41501 











TRANSPLANT SURGEON — Growing, private, 
multi-specialty group active in kidney and pancrea- 
tic transplantation. Call: (202) 722-0185, Washing- 
ton, DC. 


PACIFIC NORTHWEST — Group Health Coopera- 
tive of Puget Sound, a 370,000 member prepaid 
group practice, currently hasa position available for 
a general surgeon, with an emphasis in oncology. 
Referral only practice in a multi-specialty organiza- 
, tion. To inquire, write to: Manager of Medical Staff 
Personnel, 521 Wall Street, Seattle, WA 98121. 





| Faculty Positions 


ACADEMIC POSITION available in general surgery 
at a newly established medical school based in a 500 
plus bed tertiary care hospital serving a population 
center of 350,000. Duties include research, teaching 
students and residents. Large research laboratory in 

, operation, staffed by a biochemist. Generous salary, 
office expenses and insurance with an opportunity 
for private practice. Please send CV: Will C. Sealy, 
MD, Professor and Chairman, Department of 
Surgery, 777 Hemlock Street, P.O. Box 6000, Macon, 
GA 31208. 


UNIVERSITY OF OKLAHOMA College of Medicine, 

i| Oklahoma City is searching for a pediatric surgeon 

at the Assistant Professor rank. Qualifications must 

include board certification in general surgery and 

attainment of, or eligibility for special competency 

in pediatric surgery. Curriculum vitae may be 

» directed to: William P. Tunell, MD, Pediatric Sur- 

gery, University of Oklahoma Health Sciences Cen- 

ter, P.O. Box 26307, Oklahoma City, OK 73126. We 
are an equal opportunity employer. 


GENERAL SURGEON — Case Western Reserve 
University School of Medicine: The Department of 
Surgery is conducting a search for qualified candi- 
dates for a general surgeon at the Assistant Profes- 
sor level. Candidates must have basic and clinical 
science interests and should have demonstrated 
competence in teaching, research and administra- 
tion. Case Western Reserve University is an affirma- 
tive action/equal opportunity institution in employ- 
ment and admission. Letters, curriculum vitae and 
proposals should be sent to: Jerry M. Shuck, MD, 
D.Sc., Professor and Chairman, Department of 
Surgery, University Hospitals of Cleveland, 2074 
Abington Road, Cleveland, OH 44106. 


FACULTY POSITION — Plastic Surgery: The 
Department of Surgery of the Medical College of 
Pennsylvania which is located in Philadelphia is 
4 recruiting a plastic surgeon for a full-time academic 
1 position. Plastic surgeon will join a multi-specialty 
Department of Surgery with tertiary care services 
_ including cardiothoracic, neuro-surgery, orthoped- 
t ics, vascular, surgical oncology and trauma. MCP is 
y a level Il accredited trauma center. Interest in aca- 

demics and research required. MCP is an equal op- 

portunity employer. Contact: Howard A. Zaren, MD, 

c/o Julie Hagan, 3300 Henry Avenue, Philadelphia, 
m PA 19129. 








PLEASE NOTE— Address replies to box number 
ads as follows: Box number, ____., c/o AOS, 
P.O. Box 1510, Clearwater, FL 34617. 





Staff Physician/ 
Clinic Director 


Growing national medical practice is seeking 
a few vibrant, energetic and procedurally- 
oriented doctors. General surgeons with mana- 
gerial experience are preferred. 


For the selected candidate, we offer a com- 
pensation package (salary and bonus) which 
will enable you to earn $100,000 to $200,000 
per year. Additionally, we offer attractive hours 
and excellent benefits. Please send your Curric- 
ulum Vitae to: 


Lloyd R. Shapiro 
Director of Medical Recruitment 


Vein Clinics of America 


Two TransAm Plaza Drive Suite 450 
Oakbrook Terrace, Illinois 60181 









Bring your outstanding surgical skills to the Southern California Permanente 
Medical Group and experience the freedom to focus on patient work. Not 
paperwork. 

We are a multispecialty group practice — a partnership composed of and 
managed by SCPMG physicians. 

Opportunities exist for board eligible/certified General Surgeons. 

Consider the advantages: the finest equipment and latest technology; the 
availability of consultations with other physicians of distinction; and a broad 
network of exceptional support personnel backed by excellent resources. 

Our compensation is competitive and benefits are outstanding. They include: 
professional liability, medical and dental coverage, vacation and sick leave, 
continuing education, life insurance and retirement plans. After two years full- 
time employment, physicians are eligible to be considered for partnership. 

For a physician application, please call (800) 328-5278. If calling from 
outside of California, please call (800) 541-7946 or send your curriculum vitae to: 
Irwin P. Goldstein, M.D., Associate Medical Director, SCPMG, Dept. 018, Walnut 
Center, Pasadena, CA 91188-8013. 




















Equal Opportunity Employer M/F/H 
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KAISER PERMANENTE 
Good People. Good Medicine. 
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The Osler Institute 
Surgery Boards Review Course 


June 4-10 & June 8-10—St. Louis Sept. 7-9—Columbus 
September 17-23—Chicago November 2-4—Baltimore 
December 7-9 — Miami 


Now, a special update for your written, recertification, or oral exam 
OBJECTIVES METHODS 


è To increase knowledge of surgical principles and practice e HOME STUDY questions, assignments and answers 
e To prepare candidates to take written and oral board exams @ SEMINAR with projection slides and syllabus 
è To provide a comprehensive review for recertification e PRACTICE EXAMS with written and oral parts 











"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well."* 


Part I Courses: June 4-10 — St. Louis 
Sept. 17-23 — Chicago 


Basic Surgery Abdomen Sept. 7-9 — Columbus exams. The Part II course is mostly mc 
Anatomy Liver and Gallbladder Nov. 2-4 — Baltimore oral exams for three days before and ‘| 
Physiolo Pancreas and Spleen the same city as each oral exam ; 
Fluids Ea Electrolytes Pėritonitis eo) ae : | 
Acid-Base and Gases Abdominal Wall The Part II Course is | "and those litle earas..."™* 
Retroperitoneum . 
Metabolic Response designed to prepare board | LOWEST AIR FARES: Call toll-t; 
Wound Healing Breast candidates for oral exams. 1-800-548-8185 for group air fares. 
Anesthesiology Skin The course will consist most- | , k ba 
Shock Head and Neck ly of mock oral exams, each the most education for the money. 
Resuscitation ome based on a presenting | COURSE FEES: 
Bleedin umors problem leading to questions | @Surgeon or Resident: Surg. 7 
8, Trauma . 5 a 
Transfusion on differential diagnosis, | ¢ Part I course: $720 + 
Neoplasia Special S treatment options, and com- e Part II course: $390 $ 
Transplantation pCR OUTS TY plications. Faculty will | Repeating course within 3 years: half p 
SS Thoracic Surgery critique each exam and e Add 10% within 10 days of the course. 
ri Chest Wall/Pleura answer questions. e Attendees not in course hotel add $11% 
= Lung/Mediastinum Each participant wil have an è Fees do not include lodging or meals. 
Surgical Care Cardiac Surgery exam and critique session and e A deposit of $50 will reserve your positic 
Pre- and post-op Congenital Heart unlimited: -dbania ai 
Nutrition © ` Acquired Heart other sesione Aa "remarkably complete and pleasant "* 
Eae onang Vascular Surgery minute sessions may be ar- C.M.E. CREDITS: The University 
tie Sa ar T ranged for $60 and private Texas ene ean Ain at daji 
i i sessions (i.e., no other par- is accredited by the Accreditation Cou 
General Surgery wisps and eee ticipants observing) may be | cil of Continuing Medical Educatic _ 
Alimentary Tract = thopedic Surgery arranged for an additional (A.C.C.M.E.) to sponsor continuir 
Esophagus J ee 3 $30. Topics will include dis- | medical education for physicians. 
Stomach ‘eas eases And trauma ‘oe The University of Texas Health Scien: 
A d Amputations y Sa ; 
2 a i Hand S Alimentary Tract Center at Houston, Division of Contin 
Behe diii EEEO, jen ing Education, designates this continui: 
l Pediatric Surgery domen medical education activity for 65 crec | 
eene Urologic Surgery Breast and Thorax hours (Part I Course) or 28 credit hour 
Parathyroid Gynecologic Surgery Head and Neck (Part I Course) in Category 1 of th 
Pituitary Neurosurgery Vascular System Physician’s Recognition Award of th 
. . American Medical Association. 
Adrenal Plastic Surgery Endocrine System 


P.O. Box 2218 


Terre Haute, IN 47802 


Limited Enrollment: SURGERY BOARDS REVIEW REGISTRATION 


Name will be made up until the seminar begin 
Add eCancellation after mailing home stuc 4 
cee material requires retention of half the fet 
City/State/Zip "I feel [the course] helped me pass the boards." 
Phone For: [] Part I: June 4-10 — St. Louis INFORMATION: 
° [] Part I: Sept. 17-23 — Chicago Joseph H. Selliken Jr., M.D. 
Mail today to: CO Part II Course: The Osler Institute 


1094 Dawn Lane, Dept. $2-04 
C] Check is enclosed for $ 
O Please send more information. 





























"Accommodations were comfonable...."* 


GOALS AND LOCATIONS: The Part 
course is mostly lectures and eveni~ 
mock oral exams to help you prepare f< 
your written and oral or recertificati 


Part II Courses: 
June 8-10 — St. Louis 











"home study material was extremely helpful."* 
REFUNDS: Subject to a $50 fee, refund 


1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


*Conunents by panticipants of our courses 


date city 
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due to indicated organisms 


For intravenous or Intramuscular Use 
~. BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 
` Uri tract infections caused by F coli, Klebsiella species (including K pneumoniae), Proteus 
© mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
cettgeri, and Morganella morganii). 
_\ lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
_ staphylococcus aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus influenzae 
* ‘ncluding ampicillin-resistant strains), Klebsiella species (including K pneumoniae), and E coli. 
J -okin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
__ lnase-producing strains), Staphylococcus epidermidis, Streptococcus pyogenes and Streptococcus 
| species (excluding enterococci), and E coli. 
_’ synecologic infections caused by Staphylococcus aureus” (including penicillinase- and nonpenicil- 
: \Mase-producing strains), Staphylococcus epidermidis, Streptococcus species (excluding entero- 
| socci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
3 ovatus, B thetaiotaomicron), Fusobacterium species,” and gram-positive anaerobic cocci (including 
Æ 1tococcus and Peptostreptococcus yee 
 _ 19 ra-abdominal infections caused by F coli, Klebsiella species (including K pneumoniae*), Strepto- 
‘cticcus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 
Bone and joint infections caused by Staphylococcus aureus." 
“Efficacy for this organism in this organ system was studied in fewer than ten infections. 
Specimens for bacteriological examination should be obtained in order to isolate and identify 
causative organisms and to determine their susceptibilities to cefotetan. be may be instituted 
fore results of susceptibility studies are known; however, once these results become available, the 
gtibiotic treatment should be adjusted accordingly. 
"in cases of confirmed or suspected gram-positive or gram-negative sepsis or in patients with other 
rious infections in which the causative organism has not been identified, it is possible to use CEFOTAN 
i ~Oncomitantly with an aminoglycoside. Cefotetan combinations with aminoglycosides have been shown 
| “ybe synergistic in vitro soars many Enterobacteriaceae and also some other Foi bacteria. 
ı -he dosage recommended in the labeling of both antibiotics may be given and depends on the severity 
Of the infection and the patient's condition. 
“ATE: If CEFOTAN and an aminoglycoside are used concomitantly, renal function should be carefully 
monitored, especially if higher dosages of the aminoglycoside are to be administered or if therapy is 
y @rolonged, because of the potential nephrotoxicity and ototoxicity of aminoglycosidic antibiotics. 
-Aithough, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, it is possible that 
ephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an aminoglycoside. 
PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
‘ostoperative infections in patients undergoing surgical procedures that are classified as clean con- 
‘aminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, trans- 
urethral surgery, biliary tract ld and gastrointestinal cy 
The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In pa- 
| tients undergoing cesarean section, CEFOTAN should be administered intravenously after the clamping 
Xf the umbilical cord. 
"© If there are signs and symptoms of infection, specimens for culture should be obtained for identifica- 
tion of the causative organism so that appropriate therapeutic measures may be initiated. 
~ \CONTRAINDICATIONS 
__CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


~ 


“WARNINGS 
r Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had tetan disodium, cephalosporins, 


ous np reactions to c 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
„Antibiotics should be administered with caution to any patient who has demonstrated some form of 
‘allergy, particularly to drugs. If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
_ Serious acute hypersensitivity reactions may require — and other emergency measures. 
` Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
_ (Spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
t wllarrhea in association with antibiotic use. 
** Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit over- 
ə growth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one primary cause of 
~ antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. 
5 Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should be 
_. Managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not re- 
~ lieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C difficile. Other causes should also be considered. 
PRECAUTIONS 
GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
oes occur during therapy, appropriate measures should be taken. 
In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
rothrombin activity. Those at risk include patients with renal or hepatic impairment or poor nutri- 
nal state, the elderly and patients with cancer. Prothrombin times should be monitored in patients at 
and exogenous vitamin K administered as indicated. 
whip should be used with caution in individuals with a history of gastrointestinal disease, par- 
arly colitis. 
RMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
acterized by flushing, sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
tion of alcoholic beverages following the administration of CEFOTAN. 
INTERACTIONS: Although to date nephrotoxicity has not been noted when CEFOTAN was given 
: is gi that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
ycoside. 
RATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
enedict’'s or Fehling’s solution. 
with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
n and urine creatinine levels by Jaffe reaction and produce false increases in the levels of 
nine poon. 
INOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
als have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
tetan was found in standard laboratory tests. 
efotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
mg/kg/day (approximately 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 



























CE FOTAN - 
(cefotetan disodium) 


In intra-abdominal and gynecologic infection 


CEFOTAN® (cefotetan disodium) 


developmentally analogous to late childhood and lp gre in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included spermatogonia 
and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions were 
dose-dependent; at 120 mg/kg/day (approximately 2-4 times the usual human dose) only 1 of 10 treated 
animals was affected, and the degree of degeneration was mild. 

Similar lesions have been observed in experiments of comparable design with other methylthiotetrazole- 
containing antibiotics and impaired fertility has been reported, mepri at high dose levels. No 
testicular effects were observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or 
in infant oops (3 weeks old) that received up to 300 mg/kg/day IV for 5 weeks. The relevance of these 
findings to humans is unknown. 

USAGE IN PREGNANCY: nancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired fertil- 
ity or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled studies in 
pregnant women. Because animal reproductive studies are not always predictive of human response, 
this drug should be used during pregnancy only if clearly needed. 
USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. Cau- 
tion should be exercised when cefotetan is administered to a nursing woman. 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 
In clinical studies, the following adverse effects were considered related to CEFOTAN therapy. 
Gastrointestinal symptoms occurred in 1.5% of patients; the most frequent were diarrhea (1 in 80) and 
nausea (1 in 700). 
Hematologic laboratory abnormalities occurred in 1.4% of patients and included eosinophilia (1 in 200), 
ositive direct Coombs test (1 in 250), and thrombocytosis (1 in 300). 
epatic enzyme elevations occurred in 1.2% of patients and included a rise in SGPT (1 in 150), SGOT 
(1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 
Tee reactions were reported in 1.2% of patients and included rash (1 in 150) and itching 

in 
Local effects were reported in less than 1.0% of patients and included phlebitis at the site of injection 
(1 in 300), and discomfort (1 in 500). During postmarketing experience with CEFOTAN, anaphylactic 
reactions and transient thrombocytopenia have been reported. 

DOSAGE AND ADMINISTRATI 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or intra- 
muscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be deter- 
mined by the condition of the patient, severity of the infection, and susceptibility of the causative organism. 


GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 


Type of infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or IM 

1 or 2 g every 24 hours IV or IM 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 


*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To prevent postoperative infection in clean contaminated or potentially contaminated 
vata A adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In patients undergoing cesarean section, the dose should be admin- 
istered as soon as the umbilical cord is clamped. 

IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 


DOSAGE GUIDELINES FOR PATIENTS 
a. WITH IMPAIRED RENAL FUNCTION 
mL/min Dose Frequency 
>30 Usual Recommended Dosage* Every 12 hours 
10-30 Usual Recommended Dosage” Every 24 hours 
<10 Usual Recommended Dosage* Every 48 hours 


*Dose determined by the type and severity of infection, and susceptibility of the causative organism. 
Alternatively, the dosing interval may remain constant at 12 hour intervals, but the dose reduced to 
one-half the usual recommended dose for patients with a creatinine clearance of 10-30 mL/min, and 
one-quarter the usual recommended dose for patients with a creatinine clearance of less than 10 mL/min. 
When only serum creatinine levels are available, creatinine clearance may be calculated from the 
following formula. The serum creatinine level should represent a steady state of renal function 


Weight (kg) x (140 - age) 


Males: —— EOE EO ERA Y T PRT 
72 x serum creatinine (mg/100 mL) 


Females: 0.9 x value for males 

Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 
HOW SUPPLIED 
CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium equiv- 
alent to 1 g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1 Q dose is 
available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. CEFOTAN 
is also available in a nga bulk package of 10 9 in 100 mL vials. The vials should not be stored at 
temperatures above 22°C and should be protected from light. 

1 g in 10 mL vial (NDC aprte 2 g in 20 mL vial (NDC 0038-0377-20); 1 g in 100 mL vial 
(NDC 0038-0376-11); 2 g in t00 mL vial (NDC 0038-0377-21); 10 g in 100 mL vial (NDC 0038-0375-10). 


Manufactured for 


STUART PHARMACEUTICALS 


A business unit of ICI Americas Inc. 


Wilmington, Delaware 19897 USA Rev. | 11/88 63985-01 











Cefotan 
arithmetic. 


more cost-effective 
than cefoxitin”? 





less frequent dosing 
than cefoxitin’ 


several times the half-life 
of cefoxitin®® 


single-dose prophylaxis/ 


EE twice-daily treatment 








References: 1. Nightingale CH, Smith KS, Quintiliani R, et al: The conversion of cefoxitin usage 


to cefotetan: An interdisciplinary approach. Am J Surg 1988;155(5A):101-102. 2. Sochalski A, 


Sullman S, Andriole VT: Cost-effectiveness study of cefotetan versus cefoxitin and cefotetan 
versus combination antibiotic regimens. Am J Surg 1988;155(5A):96-101. 3. CEFOTAN® 
(cefotetar disodium) full prescribing information issued March 1986. 4. Physicians’ Desk 
Reference ed 43. Oradell, NJ, Medical Economics Co, 1989. Mefoxin® (cefoxitin sodium, MSD), 
pp 1355-1357. 5. Carver M, Quintiliani R, Nightingale CH: Comparative pharmacokinetic 
study of cefotetan and cefoxitin in healthy volunteers. Infect Surg, April 1986 (supp)), 

pp 11-14. 6. Quintiliani R, Nightingale CH, Stevens RC, et al: Comparative pharmacokinetics 
of cefotetan and cefoxitin in patients undergoing hysterectomies and colorectal operations 
Am J Surg 1988;155(5A):67-70 


Please see adjacent page for brief summary of prescribing information. 
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